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Chapter 1 Introduction to C++ 


Welcome to the world of C++! In this chapter, we'll lay the foundation for our journey by 
exploring the history and features of C++. You'll also set up your development environment, 
ensuring you have the tools you need for hands-on coding. 


1.1 What is C++? 


C++ is a general-purpose programming language that was developed as an extension of the C 
programming language. It was created by Bjarne Stroustrup at Bell Labs in the early 1980s and 
has since become a widely used language in various application domains. 


C++ is designed to provide a combination of low-level access to memory and hardware with 
high-level abstractions, making it suitable for both system programming and application 
development. It supports procedural, object-oriented, and generic programming paradigms, 
offering a versatile and powerful set of features. 


Key features of C++ include 


e Object-Oriented Programming (OOP) C++ supports the principles of object-oriented 
programming, such as encapsulation, inheritance, and polymorphism. This allows 
developers to organize code in a modular and reusable way. 

e Efficiency and Performance C++ allows for low-level manipulation of data and memory, 
providing control over system resources. This makes it suitable for developing 
performance-critical applications, such as game engines, operating systems, and 
embedded systems. 

e Standard Template Library (STL) The STL is a powerful set of C++ template classes to 
provide general-purpose classes and functions with templates that implement many 
popular and commonly used algorithms and data structures like vectors, lists, queues, 
and stacks. 

e Multi-paradigm Language C++ supports procedural, object-oriented, and generic 
programming paradigms, giving developers flexibility in choosing the most appropriate 
approach for a given task. 

e Portability C++ code can be written to be highly portable, allowing it to run on different 
hardware and operating systems with minimal modifications. 

e Community and Ecosystem C++ has a large and active community of developers, and it 
is widely used in industries such as game development, system programming, finance, 
and more. There are numerous libraries and frameworks available for C++ that help 
developers in building robust and efficient applications. 

e C++ has undergone several standardization processes, with the most recent being 
C++20 (as of my knowledge cutoff in January 2022). These standards introduce new 
features and improvements to the language, enhancing its capabilities and making it 
more modern and expressive. 


C++ is a versatile programming language that can be used for a wide range of applications, 
from low-level system programming to high-level application development. Its combination of 
efficiency, flexibility, and a rich set of features makes it a popular choice among developers. 


1.1.1 Origins and History 


C++ has an interesting and influential history, emerging as an extension of the C programming 
language. Here's a brief overview of its origins and development 


The story of C++ begins with the C programming language, which was developed by Dennis 
Ritchie at Bell Labs in the early 1970s. C was designed for system programming and provided 
low-level access to memory and hardware. 


Bjarne Stroustrup, a Danish computer scientist, started working at Bell Labs in 1979. He 
wanted to improve the C language by adding features that would make it more suitable for 
large-scale software development. 


In 1979, Stroustrup began developing what he called "C with Classes," which included features 
like classes, derived classes, and basic inheritance. These additions were aimed at supporting 
object-oriented programming. 


The development continued, and in 1983, the language evolved into C++, which signified the 
addition of new features beyond the original C language. The name "C++" itself is a 
programming term indicating an increment in a variable, and it reflects the evolutionary nature 
of the language. 


The first edition of "The C++ Programming Language," written by Stroustrup, was published in 
1985. Formal standardization efforts began, and the first standardized version of C++ was 
released in 1998 (C++98). 


C++ underwent subsequent standardization efforts, leading to the release of C++03, C++11, 
C++14, C++17, and C++20. Each new standard brought enhancements, new features, and 
improvements to the language. 


C++ gained popularity due to its flexibility, performance, and the ability to support various 
programming paradigms. It became widely used in industries such as software development, 
game development, embedded systems, and more. 


C++ continues to evolve, with ongoing efforts to improve the language. Features introduced in 
recent standards include concepts, ranges, modules, and additional improvements to make C++ 
more expressive, safer, and easier to use. 


Throughout its history, C++ has had a significant impact on the field of programming, 
influencing the design of many other programming languages. Its combination of low-level 
capabilities and high-level abstractions has made it a versatile and enduring language fora 
wide range of applications. 


1.1.2 Features of C++ 


C++ incorporates a rich set of features that make it a powerful and versatile programming 
language. Here are some key features of C++. 


C++ supports the principles of Object-Oriented Programming, including concepts such as 
encapsulation, inheritance, and polymorphism. This allows developers to create modular, 
reusable, and structured code. 


In C++, you can define classes to encapsulate data and behavior. Objects are instances of these 
classes, and they can interact with each other through member functions. 


C++ allows for the creation of new classes that are derived from existing classes, inheriting 
their properties and behaviors. This promotes code reuse and the creation of hierarchical class 
structures. 


Polymorphism allows objects of different types to be treated as objects of acommon base type. 
This can be achieved through function overloading and virtual functions, enabling flexibility 
and extensibility in the code. 


C++ supports the concept of abstraction, allowing developers to hide complex implementation 
details and provide a simplified interface. This enhances code readability and maintainability. 


Encapsulation refers to the bundling of data and the methods that operate on that data within a 
single unit, or class. It helps in controlling access to the data and prevents unintended 
interference. 


C++ introduces templates, which allow generic programming by defining functions and classes 
that operate on types that are specified later. This leads to code that is more flexible and can 
work with different data types. 


The STL is a powerful part of C++ that provides a collection of template classes and functions 
for common data structures (like vectors, lists, and queues) and algorithms (like sorting and 
searching). It greatly enhances the productivity of C++ developers. 


C++ allows for direct manipulation of memory addresses and pointers, providing low-level 
access when necessary. This feature is crucial for tasks like system programming and 
developing efficient algorithms. 


C++ is a multi-paradigm language, supporting not only Object-Oriented Programming but also 
procedural programming and generic programming. This flexibility enables developers to 
choose the most appropriate paradigm for a given task. 


C++ is known for its emphasis on efficiency and performance. It provides fine-grained control 
over hardware and memory, making it suitable for applications where performance is critical, 
such as game development and system programming. 


C++ code can be written in a way that is highly portable, meaning it can run on different 
platforms with minimal modification. This makes it suitable for developing cross-platform 
applications. 


These features collectively make C++ a robust language that is well-suited for a wide range of 
applications, from systems programming to high-level software development. The combination 
of high-level abstractions and low-level control over hardware makes it a favorite among 
developers for various tasks. 


1.2 Setting Up C++ Development Environment 


Setting up a C++ development environment involves installing the necessary tools and 
configuring your system to compile and run C++ programs. Here are the general steps to set up 
a C++ development environment. 


One of the most popular C++ compilers is the GNU Compiler Collection (GCC). On Linux, you 
can install it using your distribution's package manager. On Windows, you can use MinGW 
(Minimalist GNU for Windows) or other alternatives. For macOS, you can use Xcode's 
Command Line Tools. 


Example (Linux) 

sudo apt-get update 
sudo apt-get install g++ 
Example (Windows) 


Download and install MinGW from MinGW Installation Manager. 


While you can write C++ code in a simple text editor and compile it from the command line, 
using an IDE can enhance your development experience. Popular C++ IDEs include Visual 
Studio, Code Blocks, and Eclipse. Choose the one that suits your preferences. 


If you're using an IDE, you may need to configure it to use the C++ compiler you installed. Set 
up the compiler path and any other necessary settings. 


Write a simple C++ program to test your setup. For example, create a file named hello.cpp with 
the following content 


#include <iostream> 
int main() { 
std cout << "Hello, World!" << std endl; 


return 0; 


Open a terminal or command prompt and navigate to the directory containing your hello.cpp 
file. Compile the program using the C++ compiler. 


g++ hello.cpp -o hello 


Run the compiled program. 
./hello # On Linux or macOS 


hello.exe # On Windows 


If everything is set up correctly, you should see the output "Hello, World!". Depending on your 
project requirements, you might need additional libraries and tools. For example, you might 
want to explore the Standard Template Library (STL), Boost C++ Libraries, or other third-party 
libraries. 


By following these steps, you'll have a basic C++ development environment set up and ready 
for coding. Remember that the specific steps may vary slightly depending on your operating 
system and chosen tools. 


1.2.1 Installing a C++ Compiler 


To set up a C++ development environment, one of the crucial steps is installing a C++ compiler. 
A compiler is a tool that translates your human-readable C++ code into machine-readable code 
that can be executed by a computer. One of the widely used C++ compilers is the GNU Compiler 
Collection (GCC). Below are instructions for installing GCC on different operating systems. 


Most Linux distributions come with package managers that make it easy to install software. 
Open a terminal and use the package manager to install GCC. For example, on Debian-based 
systems (like Ubuntu), you can use. 


sudo apt update 
sudo apt install g++ 


On Windows, one popular option is to use MinGW (Minimalist GNU for Windows), which 
provides a Windows port of GCC. 


We not highlight the MinGW Installation. Download the MinGW installer from the MinGW 
Installation Manager. Run the installer and follow the instructions. During installation, select 
the components including the C++ compiler. We now need to add MinGW to System Path 
(Environment Variables). After installation, you need to add the MinGW bin directory to your 
system's PATH environment variable. Find the location where MinGW is installed (e.g., C 
\MinGW\bin). Add this path to the system PATH variable. You can do this by updating the 
system environment variables in the Control Panel. 


On macOS, you can use the Xcode Command Line Tools, which include the GCC compiler. Install 
Xcode from the Mac App Store. Once Xcode is installed, open it, and go to "Preferences" > 
"Downloads." Install the Command Line Tools. 


If you prefer using Homebrew, you can install GCC using 
brew install gcc 


After installing the C++ compiler, you can verify the installation by opening a terminal or 
command prompt and type 


g++ --version 


This command should display information about the installed GCC version. 


Once the compiler is installed, you can proceed to set up an Integrated Development 
Environment (IDE) or use a text editor for writing C++ code, and then compile and run your 
programs using the installed compiler. 


1.2.2 Integrated Development Environments (IDEs) 


Setting up an Integrated Development Environment (IDE) can significantly enhance your C++ 
development experience by providing features like code highlighting, auto-completion, 
debugging tools, and project management. Here are some popular C++ IDEs you can consider 


1. Visual Studio (Windows, macOS) 


Visual Studio is a powerful and feature-rich IDE developed by Microsoft. It supports C++ 
development on both Windows and macOS. Visual Studio Community edition is free and 
provides a comprehensive set of tools for C++ development, including a powerful debugger, 
Intellisense for code completion, and integrated Git support. 


2.Code Blocks (Windows, Linux, macOS) 


Code Blocks is an open-source, cross-platform IDE that supports multiple compilers, including 
GCC. It is lightweight and easy to use, making it a good choice for beginners. Code Blocks 
provides features like code completion, syntax highlighting, and a built-in debugger. 


3. Eclipse CDT (Cross-platform) 


Eclipse is a versatile IDE that supports C++ development through the CDT (C/C++ Development 
Tools) plugin. Eclipse is highly customizable, and its extensive plugin ecosystem allows you to 
tailor the IDE to your specific needs. It supports multiple compilers and offers features like 
code navigation and refactoring. 


4. CLion (Cross-platform) 


CLion is a C++ IDE developed by JetBrains. It provides advanced code analysis, refactoring, and 
debugging tools. CLion is known for its intelligent code completion and navigation features. It 
supports multiple compilers and integrates with CMake, a popular build system for C++. 


5. Xcode (macOS) 


Xcode is the official IDE for macOS and iOS development. It includes support for C++ 
development and provides features like code navigation, debugging, and Interface Builder for 
designing user interfaces. Xcode comes bundled with the Clang compiler. 


6. Qt Creator (Cross-platform) 


Qt Creator is an IDE specifically designed for developing applications using the Qt application 
framework. It supports C++ development and integrates with the Qt libraries. Qt Creator 
provides a straightforward interface and features like code highlighting, debugging, and project 
management. 


7. Visual Studio Code (Cross-platform) 


Visual Studio Code (VS Code) is a lightweight and extensible code editor developed by 
Microsoft. With the addition of C++ extensions, VS Code can become a powerful C++ IDE. It 
supports IntelliSense, debugging, and version control integration. 


Choose an IDE based on your preferences, operating system, and the specific features you need 
for your C++ development projects. Each IDE has its strengths and may offer different 
workflows, so it's a good idea to explore a few to find the one that best suits your needs. 


Chapter 2 Basics of C++ 


Get ready to write your first C++ program! We'll start with the classic "Hello World" example 
and delve into the fundamental building blocks of the language. From variables and data types 
to operators and expressions, this chapter establishes the core concepts you'll use throughout 
your C++ programming adventure. 


2.1 Hello World Program 


The "Hello, World!" program is a simple and traditional program that is often used as a first 
program when learning a new programming language. In C++, it is a short program that 
outputs the text "Hello, World!" to the console. Here's the basic structure of a "Hello, World!" 
program in C++. 


#include <iostream> 
int main() { 
// This is a comment 
std cout << "Hello, World!" << std endl; 


return 0; 


Now, let's break down the key components of this program. 


#include <iostream> 


This line is a preprocessor directive that tells the compiler to include the necessary 
input/output stream library (iostream). This library provides functionality for reading from 
the standard input and writing to the standard output. 


int main() {... } 


This is the main function of the program. All C++ programs must have a main function, and the 
program starts executing from here. The int before main indicates that the function returns an 
integer. 


// This isa comment 


Comments are ignored by the compiler and are for the benefit of programmers. They provide 
explanatory notes within the code. In C++, single-line comments start with //, and multi-line 
comments are enclosed between /* and */. 


std cout << "Hello, World!" << std endl; 


This line uses std cout to print the text "Hello, World!" to the standard output (usually the 
console). << is the stream insertion operator, and std endl is used to insert a newline character 
and flush the output buffer. 


return 0; 


The return 0; statement indicates that the program has terminated successfully. The 0 is 
returned to the operating system, and it's acommon convention to indicate successful program 
execution. Other values can be used to indicate errors or different exit statuses. 


Compiling and Running the Program. 


1. Save the Code 
Save the C++ code in a file with a .cpp extension, for example, hello.cpp. 
2. Compile the Code 


Open a terminal or command prompt and navigate to the directory where you saved your file. 
Compile the code using a C++ compiler. For example, with GCC 


g++ hello.cpp -o hello 


This command tells the compiler (g++) to compile hello.cpp and create an executable named 
hello. 


3. Run the Program 

Execute the compiled program 

./hello # On Linux or macOS 

hello.exe # On Windows 

If everything is set up correctly, you should see the output. 


Hello, World! 


Congratulations! You've just created and run your first C++ program. The "Hello, World!" 
program is a fundamental step in getting acquainted with the syntax and structure of C++ 
programs. 


2.2 Variables and Data Types 


In C++, variables are used to store and manipulate data. Each variable has a specific data type, 
which defines the kind of data it can hold. Here are some common data types in C++ 


1. Integer Types 
int Used to store integers (whole numbers). 


int age = 25; 


short A shorter integer type. 


short temperature = -5; 


long A longer integer type. 
long population = 7000000000; 


unsigned int Used for integers that are always non-negative. 


unsigned int count = 100; 


2. Floating-Point Types 
float Used to store single-precision floating-point numbers. 


float pi = 3.14; 


double Used to store double-precision floating-point numbers (larger range and precision than 
float). 


double height = 5.8; 


long double Extended precision floating-point type. 
long double distance = 123456789.987654321; 


3. Character Types 
char Used to store a single character. 


char grade = 'A’; 


wchar_t Used to store a wide character. 


wchar_t specialChar = L'€'; // Note the 'L' prefix 


4. Boolean Type 
bool Used to store either true or false. 


bool isRaining = false; 


5. String Type 
string (from <string> header) Used to represent sequences of characters. 
#include <string> 


std string name = "John"; 


6. Pointers 
int* A pointer to an integer. 


int* ptr = nullptr; // nullptr represents a null pointer 


char* A pointer to a character. 


char* message = "Hello"; 


7. Others 
void Represents the absence of type. 
void doSomething() { 


// Function with no return value 


These are just a few examples of C++ data types. The choice of a specific data type depends on 
the range and precision of values you need to represent. It's important to choose the 
appropriate type to optimize memory usage and ensure correct behavior. 


Variable Declaration and Initialization 


In C++, you declare a variable by specifying its type and name. You can also initialize the 
variable at the time of declaration. 


// Declaration 


int number; 


// Initialization 


number = 42; 


// Declaration and Initialization 


double pi = 3.14159; 


Understanding variables and data types is fundamental to writing effective C++ programs, as it 
enables you to manage and manipulate data in your code. Here's a simple program 
demonstrating the use of fundamental data types in C++ 


#include <iostream> 
int main() { 
int age = 25; 
float pi = 3.14; 
char grade = 'A’; 


bool isRaining = false; 


std cout << "Age "<< age << std endl; 
std cout << "Pi "<< pi<<std endl; 
std cout << "Grade "<< grade << std endl; 


std cout << "Is it raining? "<< std boolalpha << isRaining << std endl; 


return 0; 


This program declares variables of different fundamental data types, assigns values to them, 
and prints their values to the console using std cout. Note the use of std boolalpha to print the 
boolean value as "true" or "false" instead of 1 or 0. 


2.2.1 User-Defined Data Types 


In addition to the fundamental data types provided by C++, you can also create your own data 
types using various user-defined constructs. Here are some common ways to define user- 
defined data types. 


1. Structures 


A structure is a composite data type that groups together variables of different data types 
under a single name. 


#include <iostream> 
// Define a structure 
struct Person { 
std string name; 
int age; 


}; 


int main() { 
// Declare a variable of the structure type 


Person john; 


// Access and modify structure members 
john.name = "John"; 


john.age = 30; 


// Print information 
std cout << "Name " << john.name << std endl; 


std cout << "Age "<< john.age << std endl; 


return 0; 


2. Classes 


Classes are a more advanced form of user-defined data types in C++. They allow you to 
encapsulate data and behavior in a single unit, following the principles of object-oriented 
programming (OOP). 


#include <iostream> 


// Define a class 

class Car { 

public 
// Member variables 
std string brand; 


int year; 


// Member function (method) 
void displayInfo() { 
std cout <<"Brand "<< brand << std endl; 


std cout << "Year "<< year << std endl; 


int main() { 
// Create an object of the class 


Car myCar; 


// Access and modify class members 
myCar.brand = "Toyota"; 


myCar.year = 2022; 


// Calla method 
myCar.displayInfo(); 


return 0; 


3. Enums 


Enums, short for enumerations, are a user-defined data type that consists of a set of named 
integral constants. 


#include <iostream> 
// Define an enum 
enum Day { 

Monday, 

Tuesday, 

Wednesday, 

Thursday, 

Friday, 

Saturday, 


Sunday 


int main() { 
// Declare a variable of the enum type 


Day today = Wednesday; 


// Use the enum variable 
std cout << "Today is "; 
switch (today) { 

case Monday std cout << "Monday"; break; 


case Tuesday std cout << "Tuesday"; break; 


case Wednesday std cout << "Wednesday"; break; 
case Thursday std cout << "Thursday"; break; 
case Friday std cout << "Friday"; break; 

case Saturday std cout << "Saturday"; break; 


case Sunday std cout << "Sunday"; break; 


std cout << std endl; 


return 0; 


These user-defined data types provide a way to structure and organize data in your C++ 
programs. Structures and classes are particularly powerful as they allow you to bundle data 
and related functions together in a modular and organized manner. Enums provide a way to 
define a set of named constants, making your code more readable and expressive. 


2.2.2 Declaring and Initializing Variables 


In C++, declaring and initializing variables involves specifying the data type and, optionally, 
providing an initial value. Here are the basic syntax and examples for declaring and initializing 
variables. 


Declaration 


// Syntax 


// data_type variable_name; 


int age; // Declaration without initialization 
double pi; // Declaration without initialization 
char grade; // Declaration without initialization 


boolisRaining; // Declaration without initialization 


// Initialization 


// Syntax 


// data_type variable_name = initial_value; 


intcount=10; // Declaration with initialization 
double temperature = 23.5; // Declaration with initialization 
char initial ='J'; // Declaration with initialization 


bool isSunny = true; // Declaration with initialization 


Example 


#include <iostream> 

int main() { 
// Declaration without initialization 
int a; 
double b; 


char c; 


// Declaration with initialization 
int x =5; 
double y = 3.14; 


char z ='A'; 


// Print the values 
std cout <<"a "<<a <<std endl; 
std cout <<"b "<<b<<std endl]; 


std cout <<"c "<<c<<std endl; 


std cout <<"x "<< x<<std endl; 
std cout <<"y "<<y<<std endl; 


std cout <<"z "<< z<<std endl]; 


return 0; 


In the example, a, b, and c are declared without initialization, and their values are 
indeterminate until assigned. x, y, and z are declared with initialization, so they have specified 
initial values. It's good practice to initialize variables at the point of declaration whenever 
possible to avoid using uninitialized values, which can lead to unpredictable behavior in your 
program. Additionally, initializing variables makes your code more readable and self- 
explanatory. 


2.3 Operators and Expressions 


In C++, operators are symbols that perform operations on variables and values. Expressions 
are combinations of variables, values, and operators that result in a single value. Here are some 
common operators and examples of expressions. 


1. Arithmetic Operators 

+ (Addition) Adds two values. 

- (Subtraction) Subtracts the right operand from the left operand. 
* (Multiplication) Multiplies two values. 

/ (Division) Divides the left operand by the right operand. 


% (Modulus) Returns the remainder of the division. 


inta=10,b=3; 
intsum=a+b; //13 
int difference = a-b; //7 
int product=a*b; // 30 
int quotient=a/b; //3 


int remainder = a% b; // 1 


2. Relational Operators 

== (Equal to) Checks if two values are equal. 

!= (Not equal to) Checks if two values are not equal. 

< (Less than) Checks if the left operand is less than the right operand. 

> (Greater than) Checks if the left operand is greater than the right operand. 

<= (Less than or equal to) Checks if the left operand is less than or equal to the right operand. 


>= (Greater than or equal to) Checks if the left operand is greater than or equal to the right 
operand. 


intx =5, y =8; 

bool isEqual = (x==y); // false 

bool isNotEqual = (x != y); // true 

bool isLessThan = (x<y); //true 

bool isGreaterThan = (x > y); // false 
bool isLessOrEqual = (x <= y); // true 
bool isGreaterOrEqual = (x >= y); // false 


3. Logical Operators 
&& (Logical AND) Returns true if both conditions are true. 
|| (Logical OR) Returns true if at least one condition is true. 


! (Logical NOT) Returns true if the operand is false and vice versa. 


bool condition1 = true, condition2 = false; 
bool andResult = (condition1 && condition2); // false 
bool orResult = (condition1 || condition2); // true 


bool notResult = !condition1; // false 


4. Assignment Operator 


= (Assignment) Assigns the value on the right to the variable on the left. 


int num = 7; 


5. Increment and Decrement Operators 
++ (Increment) Increases the value of a variable by 1. 


-- (Decrement) Decreases the value of a variable by 1. 


int count = 10; 
count++; // Increment count by 1 


count--; // Decrement count by 1 


6. Conditional (Ternary) Operator 


? (Conditional) Evaluates a condition and returns one of two values based on whether the 
condition is true or false. 


intx =5,y =8; 


int result = (x>y)?x y;//resultis 8 


7. Bitwise Operators 

& (Bitwise AND) Performs bitwise AND operation. 

| (Bitwise OR) Performs bitwise OR operation. 

* (Bitwise XOR) Performs bitwise XOR (exclusive OR) operation. 
~ (Bitwise NOT) Inverts the bits of its operand. 


<< (Left shift) Shifts the bits of the left operand to the left by the number of positions specified 
by the right operand. 


>> (Right shift) Shifts the bits of the left operand to the right by the number of positions 
specified by the right operand. 


inta=5,b=3; 
int bitwiseAnd =a &b; // 1 


int bitwiseOr =a|b; // 7 

int bitwiseXor =a“ b; // 6 

int bitwiseNot = ~a;_ // -6 (in two's complement form) 

int leftShift = a << 1; // 10 (shifts binary 101 to the left by 1 position) 
int rightShift = a>>1;// 2 (shifts binary 101 to the right by 1 position) 


These are just a few examples of the many operators available in C++. Understanding and using 
operators effectively is crucial for writing expressive and functional C++ code. Operators can 
be combined to create complex expressions that perform a wide range of computations. 


2.3.1 Arithmetic Operators 


Arithmetic operators in C++ are used to perform mathematical operations on variables and 
values. Here are the basic arithmetic operators along with examples 


1. Addition + 


Adds two values. 


intsum=5+3; //sumis 8 


2. Subtraction - 


Subtracts the right operand from the left operand. 


int difference = 10 - 3; // difference is 7 


3. Multiplication * 


Multiplies two values. 


int product =4*6; // product is 24 


4. Division / 


Divides the left operand by the right operand. 


float quotient = 15.0 / 4; // quotient is 3.75 


5. Modulus % 


Returns the remainder of the division of the left operand by the right operand. 


int remainder = 17 % 5; // remainder is 2 


Example 


#include <iostream> 
int main() { 
// Arithmetic operators example 
inta=10,b=3; 
intsum=a+b; 
int difference =a -b; 
int product = a*b; 
float quotient = static_cast<float>(a) / b; // Cast to float for accurate division 


int remainder =a % b; 


// Output the results 

std cout << "Sum "<< sum << std endl; 

std cout << "Difference "<< difference << std endl; 
std cout << "Product "<< product << std endl; 

std cout << "Quotient "<< quotient << std endl; 


std cout << "Remainder "<< remainder << std endl; 


return 0; 


Output 


Sum 13 
Difference 7 
Product 30 
Quotient 3.33333 


Remainder 1 


In this example, variables a and b are used to demonstrate the basic arithmetic operations. 
Note that for the division operation (/), one of the operands is cast to float to ensure a floating- 
point result. This is necessary to accurately represent non-integer quotients. The static_cast is 
used for explicit type casting. Understanding and using arithmetic operators is fundamental in 
writing programs that involve numerical calculations and manipulations. 


2.3.2 Relational Operators 


Relational operators in C++ are used to compare values and produce a Boolean result (either 
true or false). Here are the relational operators along with examples 


1. Equal to == 


Checks if two values are equal. 


intx=5,y=5; 


bool isEqual = (x == y); // true 


2. Not equal to != 


Checks if two values are not equal. 


inta=10,b=7; 
bool isNotEqual = (a!=b); // true 


3. Less than < 


Checks if the left operand is less than the right operand. 


int m =8,n= 12; 


bool isLessThan = (m <n); // true 


4. Greater than > 


Checks if the left operand is greater than the right operand. 


double p = 3.14, q = 2.71; 
bool isGreaterThan = (p>q); // true 


5. Less than or equal to <= 


Checks if the left operand is less than or equal to the right operand. 


intr=5,s=5; 


bool isLessOrEqual = (r <=s); // true 


6. Greater than or equal to >= 


Checks if the left operand is greater than or equal to the right operand. 


intu=10,v=7; 


bool isGreaterOrEqual = (u>=v); // true 


Example 


#include <iostream> 

int main() { 
// Relational operators example 
inta=5,b=8; 


double x = 3.14, y = 2.71; 


// Output the results 


std cout <<"a==b "<< (a==b) <<std endl; // false 


std cout <<"a!=b "<< (a!=b) <<std endl; // true 
std cout <<"a<b "<<(a<b)<<std endl; //true 
std cout <<"x>y "<<(x>y) <<std endl; //true 
std cout <<"a<=b "<< (a <=b) <<std endl; // true 


std cout << "y >=x "<< (y>=x) <<std endl; // false 


return 0; 


Output 


a==b 0 
al=b 1 
a<b1 
x>yl 
a<=b 1 
y>=x 0 


Relational operators are commonly used in decision-making statements (e.g., if statements) 
and loops to control the flow of a program based on the relationships between values. 


2.3.3 Logical Operators 


Logical operators in C++ are used to perform logical operations on Boolean values. Here are the 
logical operators along with examples. 


1. Logical AND && 


Returns true if both conditions are true. 


bool condition1 = true, condition2 = false; 


bool andResult = (condition1 && condition2); // false 


2. Logical OR || 


Returns true if at least one condition is true. 


bool condition3 = true, condition4 = false; 


bool orResult = (condition3 || condition4); // true 


3. Logical NOT ! 


Returns true if the operand is false and vice versa. 


bool condition5 = true; 


bool notResult = !condition5; // false 


Example 


#include <iostream> 
int main() { 
// Logical operators example 


bool isSunny = true, isWarm = false; 

// Output the results 

std cout << "isSunny && isWarm "<< (isSunny && isWarm) << std endl; // false 
std cout << "isSunny || isWarm "<< (isSunny || isWarm) << std endl; // true 


std cout << "!isSunny "<< !isSunny << std endl; // false 


return 0; 


Output 


isSunny && isWarm 0 


isSunny || isWarm 1 


lisSunny 0 


Logical operators are commonly used in decision-making statements (if, else, while, for) to 
control the flow of a program based on the logical relationships between conditions. They 
allow you to create more complex conditions by combining simpler ones. 


Chapter 3 Control Flow 


Learn how to control the flow of your programs with conditional statements and loops. Master 
the art of decision-making with if statements, handle multiple conditions with switch, and 
create repetitive processes using while, for, and do-while loops. 


3.1 Conditional Statements 


Conditional statements in C++ allow you to control the flow of a program based on certain 
conditions. The most common conditional statements are if, else if, and else. Here's an 
overview of how they work. 


1. if Statement 


The if statement is used to execute a block of code only if a specified condition is true. 


#include <iostream> 
int main() { 


int age = 20; 


if (age >= 18) { 


std cout << "You are an adult." << std endl; 


return 0; 


In this example, the message "You are an adult." will be printed to the console only if the age is 
greater than or equal to 18. 


2. if-else Statement 


The if-else statement allows you to execute one block of code if the condition is true and 
another block if the condition is false. 


#include <iostream> 
int main() { 


int age = 15; 


if (age >= 18) { 
std cout << "You are an adult." << std endl]; 
\ else { 


std cout << "You area minor." << std endl; 


return 0; 


In this example, if the age is 18 or older, the first block will be executed, otherwise, the second 
block will be executed. 


3. if-else if-else Statement 


The if-else if-else statement allows you to test multiple conditions and execute different blocks 
of code based on which condition is true. 


#include <iostream> 
int main() { 


int score = 75; 


if (score >= 90) { 

std cout << "A" << std endl]; 
} else if (score >= 80) { 

std cout <<"B" << std endl; 
} else if (score >= 70) { 

std cout <<"C" << std endl; 
\ else { 


std cout << "F" << std endl]; 


return 0; 


In this example, the program checks the value of score and prints a corresponding grade based 
on different score ranges. Conditional statements are essential for creating dynamic and 
flexible programs that respond to changing conditions during execution. They allow you to 
make decisions and control the flow of your program based on various factors. 


3.1.2 Switch Statement 


The switch statement in C++ provides an alternative way to handle multiple possible 
conditions in a more concise and structured manner. It evaluates the value of an expression 
and compares it to various case labels. If a match is found, the corresponding block of code is 
executed. 


Here's the basic syntax of the switch statement. 


switch (expression) { 

case valuel 
// Code to be executed if expression matches value1 
break; 

case value2 
// Code to be executed if expression matches value2 
break; 

// Additional cases as needed 

default 


// Code to be executed if no case matches the expression 


Here's an example of using the switch statement to determine the day of the week based ona 
numeric code. 


#include <iostream> 
int main() { 


int dayCode = 3; 


switch (dayCode) { 

case 1 
std cout << "Monday" << std endl; 
break; 

case 2 
std cout << "Tuesday" << std endl; 
break; 

case 3 
std cout << "Wednesday" << std endl; 
break; 

case 4 
std cout << "Thursday" << std endl; 
break; 

case 5 
std cout << "Friday" << std endl; 
break; 

case 6 
std cout << "Saturday" << std endl; 
break; 

case 7 
std cout << "Sunday" << std endl; 
break; 

default 


std cout << "Invalid day code" << std endl; 


return 0; 


In this example, the switch statement evaluates the value of dayCode and executes the 
corresponding case block. If no match is found, the default block is executed. The break 
statement is used to exit the switch statement after a matching case is found. If break is 
omitted, the control will "fall through" to the next case. The default case is optional and serves 
as a Catch-all for values not covered by the other cases. The switch statement is particularly 
useful when you have a variable with multiple possible values and you want to execute 
different code blocks based on those values. 


3.2 Loops 


Loops in C++ allow you to repeatedly execute a block of code as long as a certain condition is 
true. There are three main types of loops in C++ for, while, and do-while. 


1. for Loop 


The for loop is commonly used when you know in advance how many times the loop should 
execute. It consists of an initialization, a condition, and an update statement. 


#include <iostream> 
int main() { 


for (int i= 0; i <5; ++i) { 


std cout << "Iteration "<<i+1<<std endl; 


return 0; 


In this example, the loop initializes i to 0, executes the loop body while i is less than 5, and 
increments i in each iteration. 


2. while Loop 


The while loop repeatedly executes a block of code as long as a specified condition is true. 


#include <iostream> 


int main() { 


int count = 0; 


while (count < 5) { 
std cout << "Count "<< count + 1 << std endl; 


++count; 


return 0; 


In this example, the loop continues executing as long as count is less than 5. 


3. do-while Loop 


The do-while loop is similar to the while loop, but it guarantees that the loop body is executed 
at least once because the condition is checked after the loop body. 


#include <iostream> 
int main() { 


intn =0; 


do { 
std cout << "Value ofn "<<n << std endl; 
+4+n; 


J 


\ while (n < 3); 


return 0; 


In this example, the loop body is executed once, and then the condition is checked. If the 


condition is true, the loop continues. Loops are essential for executing repetitive tasks 
efficiently. They help reduce code duplication and make your programs more flexible and 


adaptable. Choose the appropriate type of loop based on your specific requirements and 
conditions. 


3.2.1 while Loop 


The while loop in C++ allows you to repeatedly execute a block of code as long as a specified 
condition is true. Here's the basic syntax. 


while (condition) { 


// Code to be executed as long as the condition is true 


Here's an example of using a while loop to print numbers from 1 to 5 


#include <iostream> 
int main() { 


int count = 1; 


while (count <= 5) { 


std cout << count <<""; 


++count; 


std cout << std endl; 


return 0; 


In this example, the while loop continues to execute as long as the count variable is less than or 
equal to 5. The loop body prints the current value of count and increments it in each iteration. 
You can also use the while loop to process user input. Here's an example that reads numbers 
from the user until a negative number is entered. 


#include <iostream> 
int main() { 


int number; 


std cout << "Enter positive numbers (enter a negative number to exit) " << std endl; 


while (true) { 


std cout << "Enter a number "; 


std cin >> number; 


if (number < 0) { 
std cout << "Negative number entered. Exiting the loop." << std endl; 


break; // Exit the loop when a negative number is entered 


std cout << "You entered "<< number << std endl]; 


return 0; 


In this example, the while loop continues indefinitely (while (true)) until the user enters a 
negative number. The loop reads the user input, checks if it's negative, and exits the loop if so. 
Remember to ensure that the loop condition will eventually become false, or you might end up 
with an infinite loop. The break statement is used to exit the loop prematurely if a certain 
condition is met. 


3.2.2 for Loop 


The for loop in C++ is a versatile loop that allows you to iterate a specific number of times. It 
has three components initialization, condition, and update statement. The basic syntax is as 
follows. 


for (initialization; condition; update) { 


// Code to be executed in each iteration 


Here's an example of a simple for loop that prints numbers from 1 to 5. 


#include <iostream> 
int main() { 
for (int i= 1; i <= 5; ++i) { 


std cout <<i<<""; 


std cout << std endl; 


return 0; 


In this example. 


int i = 1 initializes the loop control variable i. 
i<=5 is the loop condition. The loop will continue as long as this condition is true. 
++i is the update statement. It increments the loop control variable in each iteration. 


You can use the for loop to iterate over arrays, collections, or any sequence of elements. Here's 
an example that calculates the sum of elements in an array. 


#include <iostream> 
int main() { 
int numbers|] = {1, 2, 3, 4, 5}; 


int sum = 0; 


for (int i= 0; i <5; ++i) { 


sum += numbers|[i]; 


std cout << "Sum of elements "<< sum << std endl; 


return 0; 


In this example, the loop iterates over each element of the numbers array and adds them to the 
sum variable. The for loop is a powerful construct that provides a concise way to express 
iteration. It's particularly useful when the number of iterations is known in advance. 


3.2.3 do-while Loop 


The do-while loop in C++ is used to repeatedly execute a block of code as long as a specified 
condition is true. Unlike the while loop, the do-while loop guarantees that the block of code is 
executed at least once because the condition is checked after the loop body. Here's the basic 
syntax. 


do { 
// Code to be executed in each iteration 


} while (condition); 


Here's a simple example of a do-while loop that prints numbers from 1 to 5. 


#include <iostream> 


int main() { 


int count = 1; 


do { 
std cout << count <<""; 
++count; 


\ while (count <= 5); 


std cout << std endl; 


return 0; 


In this example, the loop first executes the block of code, then checks the condition (count <= 
5). If the condition is true, the loop continues; otherwise, it exits. Here's another example that 
demonstrates reading user input until a positive number is entered. 


#include <iostream> 
int main() { 


int number; 


do { 


Wy 
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std cout << "Enter a positive number 


std cin >> number; 


if (number <= 0) { 
std cout << "Invalid input. Please enter a positive number." << std endl; 


} 


\ while (number <= 0); 


std cout << "You entered a positive number "<< number << std end]; 


return 0; 


In this example, the loop ensures that the user is prompted to enter a positive number at least 
once. If the entered number is not positive, the loop continues until a positive number is 
provided. The do-while loop is useful in situations where you want to guarantee the execution 
of the loop body at least once, regardless of the initial condition. 


Chapter 4 Functions 


Dive into the world of functions, the building blocks of modular and reusable code. Explore 
how to declare, define, and call functions. We'll also cover function overloading and recursion, 
adding powerful tools to your programming toolkit. 


4.1 Introduction to Functions 


In C++, a function is a block of code that performs a specific task. Functions provide modularity 
and help organize code by breaking it into smaller, manageable pieces. They can be called from 
other parts of the program, allowing for code reuse. 


Here's the basic structure of a function in C++ 


return_type function_name(parameters) { 
// Function body 
// Code to perform the task 


return value; // Return statement (optional) 


return_type 


Specifies the type of data that the function returns. It can be int, double, void (if the function 
doesn't return a value), or any other valid data type. 


function _ name 


The name of the function. It should be a meaningful identifier that reflects the purpose of the 
function. 


parameters 


Input values passed to the function. Parameters are optional, and a function may have none or 
multiple parameters. 


Function body 


The block of code inside curly braces {} that defines what the function does. 


return value 


If the function has a return type other than void, it must return a value using the return 
statement. 


Here's a simple example of a function that adds two numbers. 


#include <iostream> 
// Function declaration 


int add(int a, int b); 


int main() { 
// Function call 


int result = add(3, 4); 


// Output the result 


std cout << "Sum "<< result << std endl; 


return 0; 


// Function definition 
int add(int a, int b) { 
return a+b; 


} 


In this example. 


-The add function is declared at the beginning of the program, and its definition appears later. 
-The add function takes two parameters (a and b) and returns an int. 


-In the main function, the add function is called with arguments 3 and 4, and the result is 
stored in the result variable. 


-The program outputs the sum using std cout. 


Functions are essential for creating modular and readable code. They allow you to encapsulate 
logic, promote code reuse, and make programs easier to understand and maintain. 


4.1.1 Function Declaration and Definition 


In C++, a function is typically declared before it is used, and its actual implementation 
(definition) appears later in the program. This separation allows the compiler to know about 
the function's signature (return type, name, and parameters) before it encounters the function 
call. Here's how function declaration and definition work. 


Function Declaration 


A function declaration provides the necessary information about a function's interface, 
including its return type, name, and parameters. It doesn't contain the actual code of the 
function. The declaration serves as a promise to the compiler that the function will be defined 
later in the program. The syntax for a function declaration is. 


return_type function_name(parameters); 


Here's an example of function declarations. 


// Function declarations 


int add(int a, int b); 


void greet(); 


double calculateAverage(double arr|], int size); 


In these declarations. 


int add(int a, int b); 


declares a function named add that takes two int parameters and returns an int. 


void greet(); 


declares a function named greet that takes no parameters and returns void. 


double calculateAverage(double arr|], int size); 


declares a function named calculateAverage that takes an array of double and an int parameter, 
and returns a double. 


Function Definition 


The function definition provides the actual implementation of the function, including the block 
of code inside the function body. It follows the declaration and includes the details of how the 
function accomplishes its task. The syntax for a function definition is 


return_type function_name(parameters) { 
// Function body 
// Code to perform the task 


return value; // Return statement (optional) 


Here's an example of function definitions corresponding to the declarations above 


// Function definition for add 
int add(int a, int b) { 


return a+b; 


// Function definition for greet 
void greet() { 


std cout << "Hello, World!" << std endl; 


// Function definition for calculateAverage 
double calculateAverage(double arr|], int size) { 


double sum = 0.0; 


for (int i = 0; i < size; ++i) { 


sum += arr[i]; 


return sum / size; 


In these definitions. 


-The add function adds two integers and returns the result. 
-The greet function prints a simple greeting message. 
-The calculateAverage function calculates the average of an array of doubles. 


By declaring functions before they are used and providing definitions later in the program, you 
establish a clear separation between the function interface and its implementation. This 
practice enhances code readability and allows for efficient compilation. 


4.1.2 Function Parameters and Return Types 


In C++, functions can take parameters (input values) and have a return type (output value). 
Here's an overview of function parameters and return types. 


Function Parameters 


Function parameters are variables declared in the function declaration and used in the function 
definition to receive values from the calling code. Parameters provide a way to pass 
information into a function. The syntax for function parameters is 


return_type function_name(parameter_type parameter_name., ...); 


Here's an example of a function with parameters 


#include <iostream> 


// Function declaration with parameters 


int add(int a, int b); 


int main() { 


// Function call with arguments 


int result = add(3, 4); 


// Output the result 


std cout << "Sum "<< result << std endl; 


return 0; 


// Function definition with parameters 


int add(int a, int b) { 


return a+b; 


In this example 


-The add function is declared to take two int parameters (a and b). 


-In the main function, the add function is called with arguments 3 and 4. 


Return Types 


The return type specifies the type of data that the function will return to the calling code. Ifa 
function doesn't return a value, the return type is specified as void. The syntax for the return 


type is 


return_type function_name(parameters); 


Here's an example of a function with a return type 


#include <iostream> 


// Function declaration with a return type 


int square(int x); 


int main() { 


// Function call with an argument 


int result = square(5); 


// Output the result 


std cout << "Square "<< result << std endl; 


return 0; 


// Function definition with a return type 
int square(int x) { 


return x * x; 


In this example 


-The square function is declared to take an int parameter and return an int. 


-In the main function, the square function is called with an argument 5. 


Functions can have multiple parameters, and the return type can be any valid C++ data type. 
The use of parameters and return types allows functions to receive input, perform a task, and 
provide output, contributing to the modularity and reusability of code. 


4.2 Function Overloading 


Function overloading in C++ allows you to define multiple functions with the same name but 
different parameter lists. The compiler determines which function to call based on the number 
and types of arguments passed during the function call. Function overloading is a form of 
polymorphism and enhances code readability and flexibility. 


Here's a simple example of function overloading 


#include <iostream> 


// Function declarations with different parameter lists 
int add(int a, int b); 
double add(double a, double b); 


std string add(std string a, std string b); 


int main() { 
// Function calls with different argument types 
int resultInt = add(3, 4); 
double resultDouble = add(2.5, 3.7); 
std string resultString = add("Hello", " World"); 


// Output the results 
std cout << "Sum (int) "<< resultInt << std endl; 
std cout << "Sum (double) "<< resultDouble << std endl; 


std cout << "Concatenation (string) "<< resultString << std endl; 


return 0; 


// Function definitions with the same name but different parameter lists 


int add(int a, int b) { 


return a+b; 


double add(double a, double b) { 


return a+b; 


std string add(std string a, std string b) { 


return a+b; 


In this example 


-The add function is overloaded three times with different parameter lists int, double, and std 
string. 


-The main function calls the appropriate version of add based on the types of arguments 
passed. 


-The result is displayed for each function call. 


Function overloading provides a way to create functions that perform similar tasks for 
different types of data. It simplifies the usage of functions in your program and enhances code 
maintainability. Overloaded functions share the same name, but they are distinguished by their 
parameter lists. The compiler selects the correct version of the function based on the 
arguments provided during the function call. 


4.2.1 Creating Overloaded Functions 


When creating overloaded functions in C++, you provide multiple function definitions with the 
same name but different parameter lists. Here's a step-by-step guide on how to create 
overloaded functions 


1. Declare the Overloaded Function Signatures 


Declare the different versions of the overloaded function in your code. These declarations 
serve as prototypes and provide information about the function names and parameter lists. 
Place these declarations before their first use in the program. 


// Function declarations (overloaded) 
int add(int a, int b); 
double add(double a, double b); 


std string add(std string a, std string b); 


2. Define the Overloaded Functions 


Define each version of the overloaded function separately. The definitions should match the 
declarations in terms of function name and parameter list but include the actual code to 
perform the specific task for each version. 


// Function definitions (overloaded) 
int add(int a, int b) { 


return a+b; 


double add(double a, double b) { 


return a+b; 


std string add(std string a, std string b) { 


return a+b; 


3. Call the Overloaded Functions 


In the main part of your program or other functions, you can now call the overloaded functions 
with different argument types. The compiler will automatically select the appropriate version 
based on the provided arguments. 


int main() { 
int resultInt = add(3, 4); 
double resultDouble = add(2.5, 3.7); 
std string resultString = add("Hello", " World"); 


// Output the results 
std cout << "Sum (int) "<< resultInt << std endl; 
std cout << "Sum (double) "<< resultDouble << std endl; 


std cout << "Concatenation (string) "<< resultString << std endl; 


return 0; 


Example 


-In this example, three versions of the add function are declared and defined with different 
parameter lists. 


-The main function then calls these overloaded functions with arguments of various types. 


-The compiler automatically selects the appropriate version based on the provided argument 
types. 


Remember, when overloading functions, the function signatures must differ either in the 
number or types of parameters. Overloaded functions share the same name, making the code 
more readable and expressive. 


4.2.2 Resolving Ambiguities 


Function overloading in C++ allows you to create multiple functions with the same name but 
different parameter lists. However, there are situations where the compiler might face 
ambiguities in determining which overloaded function to call. Here are some scenarios and 
ways to resolve them 


1. Same Number of Parameters but Different Types 


#include <iostream> 
void display(int num) { 


std cout << "Integer "<< num << std endl; 


void display(double num) { 


std cout << "Double "<< num << std endl]; 


int main() { 
display(5); // Ambiguous 
display(3.14); // Ambiguous 


return 0; 


In this case, calling display(5) or display(3.14) is ambiguous because both display functions 
take a single argument, and the compiler cannot determine which one to use. 


Resolution 


Explicitly cast the argument to the desired type or use literals of the correct type. 


display(static_cast<int>(5)); // Explicit cast to int 
display(3.14); // Use double literal 


2. Same Number and Types of Parameters 


#include <iostream> 


void print(int a, int b) { 


std cout << "Two integers "<<a <<" and" <<b<<std endl; 


void print(double a, double b) { 


std cout << "Two doubles "<<a<<" and" <<b<<std endl; 


int main() { 
intx=1,y=2; 
double p = 3.14, q = 4.2; 


print(x, y); // Ambiguous 
print(p, q); // Ambiguous 


return 0; 


In this case, calling print(x, y) or print(p, q) is ambiguous because both print functions take two 
arguments of the same type. 


Resolution 


Provide versions of the function with different numbers or types of parameters. Alternatively, 
use function names that reflect the purpose more clearly. 


3. Same Number of Parameters but Different Const Qualifiers 


#include <iostream> 


void display(const int num) { 


std cout << "Constant integer "<< num << std endl; 


void display(int num) { 


std cout << "Non-constant integer "<< num << std endl; 


int main() { 
intx =5; 


const int y = 10; 


display(x); // Ambiguous 
display(y); // Ambiguous 


return 0; 


In this case, calling display(x) or display(y) is ambiguous because the const qualifier is not 
considered when determining which function to call. 


Resolution 


Provide a version of the function that matches the const-qualifier of the argument. 


void display(int num); 


void display(const int num); 


In general, when designing overloaded functions, strive for clarity and avoid situations that 
might lead to ambiguities. Choose meaningful function names and parameter types to make the 
code more readable and maintainable. If ambiguity arises, consider adjusting the function 
signatures or using explicit type conversions to disambiguate the calls. 


4.3 Recursion 


Recursion is a programming concept where a function calls itself either directly or indirectly to 
solve a smaller instance of the problem it is designed to solve. Recursive functions are 
particularly useful for solving problems that can be broken down into smaller, similar 
subproblems. Here's a simple example of a recursive function in C++ to calculate the factorial of 
a number 


#include <iostream> 
// Recursive function to calculate factorial 
int factorial(int n) { 
// Base case factorial of 0 is 1 
if (n == 0) { 
return 1; 
\ else { 
// Recursive case n! =n * (n-1)! 


return n * factorial(n - 1); 


int main() { 


intnum =5; 


// Calling the recursive function 


int result = factorial(num); 


// Output the result 


std cout << "Factorial of "<< num << "is "<< result << std endl; 


return 0; 


In this example 


-The factorial function calculates the factorial of a number n. 


-The base case (if (n == 0)) is defined to stop the recursion when n becomes 0, as the factorial 
of 0 is 1. 


-The recursive case calculates the factorial by multiplying n with the factorial of (n-1). 


-When the factorial function is called with num = 5, the sequence of recursive calls is as follows 


factorial(5) 
--> 5 * factorial(4) 
--> 4 * factorial(3) 
--> 3 * factorial(2) 
--> 2 * factorial(1) 
--> 1 * factorial(0) 


--> 1 (base case reached) 


The results are then multiplied together as the function calls are resolved, giving the final 
result. Recursion is a powerful technique, but it's important to define a proper base case to 
prevent infinite recursion. Each recursive call should make progress toward reaching the base 
case. Recursive solutions can be elegant and intuitive for certain problems but may come with 
a performance cost, and in some cases, they can be less memory-efficient than iterative 
solutions. 


4.3.1 Basics of Recursion 


Recursion is a programming concept where a function calls itself, either directly or indirectly, 
to solve a problem. To understand recursion, it's essential to grasp the concept of a base case 
and the recursive case. 


Key Concepts 


Base Case 
The base case is a condition that stops the recursion. 


It defines the simplest or smallest version of the problem that can be solved directly without 
further recursion. 


Without a base case, the recursion would continue indefinitely (resulting in a stack overflow). 


Recursive Case 
The recursive case is where the function calls itself to solve a smaller instance of the problem. 


Each recursive call should make progress toward reaching the base case. 


Example 


Let's use the example of calculating the factorial of anumber to illustrate recursion 


#include <iostream> 
// Recursive function to calculate factorial 
int factorial(int n) { 
// Base case factorial of 0 is 1 
if (n == 0) { 
return 1; 
\ else { 
// Recursive case n! =n * (n-1)! 


return n * factorial(n - 1); 


int main() { 


intnum =5; 


// Calling the recursive function 


int result = factorial(num); 


// Output the result 


std cout << "Factorial of "<< num << "is "<< result << std endl; 


return 0; 


In this example 


-The base case is when n is 0, and the function returns 1. 
-The recursive case calculates the factorial by multiplying n with the factorial of (n-1). 


-The sequence of recursive calls is as follows 


factorial(5) 
--> 5 * factorial(4) 
--> 4 * factorial(3) 
--> 3 * factorial(2) 
--> 2 * factorial(1) 
--> 1 * factorial(0) 


--> 1 (base case reached) 


The recursive calls resolve from the innermost to the outermost, and the final result is 
obtained by multiplying the results of each recursive call. Understanding recursion is crucial 
for solving problems where the task can be broken down into simpler, similar subproblems. 
However, it's important to use recursion judiciously and ensure that the base case is well- 
defined to avoid infinite recursion. Recursive solutions can be elegant but may come with 
performance and memory considerations. 


4.3.2 Recursive vs. Iterative Approaches 


Recursion and iteration (looping) are two different approaches to solving problems in 
programming. Each has its advantages and disadvantages, and the choice between them often 
depends on the nature of the problem and personal preference. Let's compare recursive and 
iterative approaches using an example of calculating the factorial of a number. 


Recursive Approach 


#include <iostream> 
// Recursive function to calculate factorial 
int factorial(int n) { 
// Base case factorial of 0 is 1 
if (n == 0) { 
return 1; 
\ else { 
// Recursive case n! =n * (n-1)! 


return n * factorial(n - 1); 


int main() { 


intnum =5; 


// Calling the recursive function 


int result = factorial(num); 


// Output the result 


std cout << "Factorial of "<< num << "is "<< result << std endl; 


return 0; 


Iterative Approach 


#include <iostream> 
// \terative function to calculate factorial 
int factorial(int n) { 


int result = 1; 


for (int i = 1; i <= n; ++i) { 


result *= i; 


return result; 


int main() { 


intnum =5; 


// Calling the iterative function 


int result = factorial(num); 


// Output the result 


std cout << "Factorial of "<< num << "is "<< result << std endl; 


return 0; 


Comparison 


Recursive Approach 

Pros 

Can lead to elegant and concise code for certain problems. 
May closely mirror the problem's mathematical formulation. 


Cons 


May have higher memory overhead due to the function call stack. 


May be less efficient for large inputs due to function call overhead. 


Iterative Approach 

Pros 

Often more straightforward and easier to understand for certain problems. 
May have lower memory overhead as it avoids function call stack. 

Cons 

May require more lines of code for certain problems. 


May not directly mirror the problem's mathematical formulation. 


Considerations 
Readability 


Choose the approach that results in more readable and understandable code for a given 
problem. 


Efficiency 


Consider the efficiency of your solution, especially for large inputs. Iterative approaches often 
have lower function call overhead. 


Space Complexity 


Recursive approaches may have higher space complexity due to the function call stack. 


In general, both recursive and iterative approaches are valid, and the choice depends on the 
specific problem and the trade-offs between readability and efficiency. Some problems may be 
more naturally solved using recursion, while others may lend themselves to iterative solutions. 


Chapter 5 Arrays and Strings 


Discover the power of arrays for handling collections of data and delve into the world of strings 
in C++. Learn how to manipulate these fundamental data structures to efficiently store and 
process information. 


5.1 Arrays 


An array in C++ is a collection of elements, all of the same type, stored in contiguous memory 
locations. Each element in the array is accessed by an index or a subscript. Arrays are used to 
store data in a structured way, making it easier to perform operations on a collection of values. 


Declaration and Initialization 


Here's how you can declare and initialize an array 


#include <iostream> 
int main() { 
// Declaration and initialization of an integer array 


int numbers[5] = {1, 2, 3, 4, 5}; 


// Accessing and printing elements of the array 
for (int i= 0; i <5; ++i) { 


std cout << "Element at index "<<i<<" "<< numbers|[i] << std endl; 


return 0; 


In this example 


- int numbers[5]; declares an integer array named numbers with a size of 5. 
- {1, 2, 3, 4, 5} initializes the array with values. 


- The for loop is used to access and print each element of the array. 


Important Points 


Array indices in C++ start from 0. In the example above, the valid indices are 0, 1, 2, 3, and 4. 
The last element of the array with size n is accessed using the index n-1. 


The size of the array is fixed at the time of declaration and cannot be changed later. 


Array Initialization 


You can initialize an array at the time of declaration, as shown in the example. If the size is 
specified, the number of provided values should match the array size. 


Array Elements 


Array elements can be of any data type (e.g., int, double, char, etc.). 


Arrays and Pointers 


The name of the array is essentially a pointer to the first element of the array. 


int arr[3] = {1, 2, 3}; 


int* ptr = arr; // ptr points to the first element of arr 


Multi-dimensional Arrays 


C++ supports multi-dimensional arrays. For example, a 2D array is an array of arrays. 


int matrix[3][3] = {{1, 2, 3}, {4, 5, 6}, {7, 8, 9}}; 


Arrays are fundamental in C++ programming and are widely used for various applications, 
including storing and processing data efficiently. Understanding how to work with arrays is 
essential for many programming tasks. 


5.1.1 Declaring and Initializing Arrays 


In C++, you can declare and initialize arrays in various ways, depending on whether you know 
the values at the time of declaration. Here are some common methods 


1. Declaration and Initialization with Known Values 


If you know the values of the elements at the time of declaration, you can initialize the array as 
follows 


#include <iostream> 
int main() { 
// Declaration and initialization of an integer array 


int numbers[5] = {1, 2, 3, 4, 5}; 


// Accessing and printing elements of the array 
for (int i= 0;i <5; ++i) { 


std cout << "Element at index "<<i<<" "<< numbers|[i] << std endl; 


return 0; 


In this example 


int numbers[5]; declares an integer array named numbers with a size of 5. 


{1, 2, 3, 4, 5} initializes the array with values. 


2. Declaration and Initialization without Specifying Size 


You can omit the size of the array if the number of elements is provided 


#include <iostream> 
int main() { 
// Declaration and initialization without specifying size 


int numbers|] = {1, 2, 3, 4, 5}; 


// Determine the size of the array 


int size = sizeof(numbers) / sizeof(numbers[0]); 


// Accessing and printing elements of the array 
for (int i = 0; i < size; ++i) { 


std cout << "Element at index "<<i<<" "<< numbers|[i] << std endl; 


return 0; 


In this example 


int numbers|]; declares an integer array named numbers without specifying its size. 
{1, 2, 3, 4, 5} initializes the array with values. 


The size of the array is determined using sizeof(numbers) / sizeof(numbers[0]). 


3. Declaration and Initialization with Default Values 


You can initialize an array with default values 


#include <iostream> 
int main() { 
// Declaration and initialization with default values (0 in this case) 


int numbers[5] = {}; 


// Accessing and printing elements of the array 
for (int i = 0;i <5; ++i) { 


std cout << "Element at index "<<i<<" "<< numbers|i] << std endl; 


return 0; 


In this example 


int numbers[5] = {}; declares an integer array named numbers and initializes it with default 
values (0 in this case). 


These methods allow you to declare and initialize arrays in C++, making it convenient to work 
with collections of data. The choice between these methods depends on your specific 
requirements and whether you know the values at compile time. 


5.1.2 Array Operations 


Arrays in C++ support various operations that allow you to manipulate and access their 
elements. Here are some common array operations 


1. Accessing Array Elements 


You can access individual elements of an array using their indices 


#include <iostream> 
int main() { 
// Declaration and initialization of an integer array 


int numbers[5] = {1, 2, 3, 4, 5}; 


// Accessing and printing elements of the array 
for (int i= 0; i <5; ++i) { 


std cout << "Element at index "<<i<<" "<< numbers|[i] << std endl; 


return 0; 


2. Modifying Array Elements 


You can modify the elements of an array by assigning new values to them 


#include <iostream> 


int main() { 
// Declaration and initialization of an integer array 


int numbers[5] = {1, 2, 3, 4, 5}; 


// Modifying an element of the array 
numbers[2] = 10; 


// Accessing and printing modified elements 
for (int i= 0; i <5; ++i) { 


std cout << "Element at index "<<i<<" "<< numbers|[i] << std endl; 


return 0; 


3. Iterating Over Array Elements 


You can use loops to iterate over all elements of an array 


#include <iostream> 
int main() { 
// Declaration and initialization of an integer array 


int numbers[5] = {1, 2, 3, 4, 5}; 
// \terating over array elements using a range-based for loop (C++11 and later) 


for (intnumber numbers) { 


std cout << "Element "<< number << std endl; 


return 0; 


4. Calculating Array Size 


You can determine the size of an array using the sizeof operator 


#include <iostream> 
int main() { 
// Declaration and initialization of an integer array 


int numbers|] = {1, 2, 3, 4, 5}; 


// Calculate the size of the array 


int size = sizeof(numbers) / sizeof(numbers[0]); 


// Accessing and printing elements of the array 
for (int i = 0; i < size; ++i) { 


std cout << "Element at index "<< i<<" "<< numbers|[i] << std endl; 


return 0; 


5. Multi-dimensional Arrays 


Arrays can be multi-dimensional. For example, a 2D array is an array of arrays 


#include <iostream> 
int main() { 
// Declaration and initialization of a 2D integer array 


int matrix[3][3] = {{1, 2, 3}, {4, 5, 6}, {7, 8, 9} 


// Accessing and printing elements of the 2D array 
for (int i = 0; i < 3; ++i) { 
for (int j = 0; j < 3; ++j) { 


std cout << "Element at position ("<<i<<","<<j <<") "<< matrix[i][j] << std endl; 


return 0; 


6. Array as a Function Parameter 


Arrays can be passed to functions. When passing an array to a function, you often need to pass 
the array size as well 


#include <iostream> 
// Function to print elements of an integer array 
void printArray(int arr[], int size) { 

for (int i = 0; i < size; ++i) { 


std cout << arr[i] <<" "; 


} 


std cout << std endl; 


int main() { 
// Declaration and initialization of an integer array 


int numbers[] = {1, 2, 3, 4, 5}; 


// Calculate the size of the array 


int size = sizeof(numbers) / sizeof(numbers[0]); 


// Call the function to print array elements 


printArray(numbers, size); 


return 0; 


These are some of the basic operations you can perform with arrays in C++. Understanding 
these operations is fundamental for working with arrays effectively in your programs. 


5.2 Strings 


In C++, a string is a sequence of characters represented as an array or a class. C++ supports two 
types of strings C-style strings (character arrays) and C++-style strings (the std string class 
from the C++ Standard Library). Let's explore both. 


1. C-Style Strings (Character Arrays) 


C-style strings are arrays of characters terminated by a null character ('\0'). Here's an example 


#include <iostream> 
#include <cstring> 
int main() { 
// Declaration and initialization of a C-style string 


char greeting[| = "Hello, World!"; 


// Printing the C-style string 


std cout << "C-style string "<< greeting << std endl; 


// Accessing individual characters 
for (inti=0;i<std strlen(greeting); ++i) { 


std cout << "Character at index "<<i<<" "<< greeting[i] << std endl; 


return 0; 


In this example 


char greeting[| = "Hello, World!"; declares and initializes a C-style string. 


The string is printed using std cout. 


Individual characters are accessed using a loop. 


2. C++-Style Strings (std string) 


C++-style strings are objects of the std string class, which provides more functionality and is 
easier to use than C-style strings. Here's an example 


#include <iostream> 
#include <string> 
int main() { 
// Declaration and initialization of a C++-style string 


std string greeting = "Hello, World!"; 


// Printing the C++-style string 


std cout << "C++-style string "<< greeting << std endl; 


// Accessing individual characters 
for (int i = 0; i < greeting.length(); ++i) { 


std cout << "Character at index "<<i<<" "<< greeting[i] << std endl; 


return 0; 


In this example 


std string greeting = "Hello, World!"; declares and initializes a C++-style string. 
The string is printed using std cout. 


Individual characters are accessed using a loop, and the length() function is used to get the 
length of the string. 


Important Points 


C++-style strings have a dynamic size, and their size can be easily obtained using the length() 
or size() member functions. 


C++-style strings automatically handle memory allocation and deallocation. 


C++-style strings can be concatenated and compared using standard operators. 


std string str1 = "Hello"; 
std string str2 =" World"; 
std string result = str1 + str2; // Concatenation 


bool isEqual = (str1 == str2); // Comparison 


When working with C-style strings, use the functions from the <cstring> header, such as 
strlen() for length and strcpy() for copying. Both C-style and C++-style strings are widely used, 
and the choice between them depends on the specific requirements of the task at hand. C++- 
style strings are generally preferred in modern C++ programming due to their ease of use and 
additional features. 


5.2.1 C-Style Strings 


C-style strings in C++ are essentially arrays of characters terminated by a null character ('\0'). 
These strings are represented as character arrays and are commonly used in C and older C++ 
code. Understanding C-style strings is important, especially when working with legacy code or 
libraries that use this representation. 


Here's an overview of C-style strings 


Declaration and Initialization 


#include <iostream> 
#include <cstring> // Required for string functions 
int main() { 

// Declaration and initialization of a C-style string 


char greeting[| = "Hello, World!"; 


// Printing the C-style string 


std cout << "C-style string "<< greeting << std endl; 


return 0; 


In this example 


char greeting[| = "Hello, World!"; declares and initializes a C-style string. 


The string is printed using std cout. 


Accessing Individual Characters 


#include <iostream> 
#include <cstring> 
int main() { 
// Declaration and initialization of a C-style string 


char greeting[| = "Hello, World!"; 


// Accessing individual characters 
for (inti=0;i<std strlen(greeting); ++i) { 


std cout << "Character at index "<<i<<" "<< greeting[i] << std endl; 


return 0; 


In this example 
The <cstring> header is included for string functions. 
std strlen(greeting) is used to get the length of the string. 


A loop is used to access and print individual characters. 


String Functions 


C-style strings come with a set of functions from the <cstring> header that you can use for 
various operations. Some common functions include 


strlen Returns the length ofa string. 
strcpy Copies one string to another. 
strcat Concatenates two strings. 


strcmp Compares two strings. 


Here's an example using strcpy 


#include <iostream> 

#include <cstring> 

int main() { 
// Declaration and initialization of C-style strings 
char source[] = "Hello"; 


char destination[20]; // Make sure the destination has enough space 


// Copying the contents of one string to another 


std strcpy(destination, source); 


// Printing the result 
std cout << "Source "<< source << std endl; 


std cout << "Destination "<< destination << std endl; 


return 0; 


Important Points 
C-style strings are null-terminated, meaning the last character is '\0'. 


Always ensure that the character array has enough space to store the string and the null 
character. 


Be cautious with C-style strings to avoid buffer overflow issues. 


C++-style strings (std string) are generally preferred in modern C++ code due to their safety 
and convenience. 


Understanding C-style strings is crucial, but if you have the choice, consider using std string for 
its safety features and ease of use. 


5.2.2 String Class in C++ 


In C++, the std string class from the C++ Standard Library provides a convenient and safer 
alternative to C-style strings. The std string class is part of the Standard Template Library 
(STL) and offers a wide range of functionalities for string manipulation. 


Here's an overview of using the std string class in C++ 
Declaration and Initialization 
#include <iostream> 
#include <string> 
int main() { 
// Declaration and initialization of a std string 


std string greeting = "Hello, World!"; 


// Printing the std string 


std cout << "C++-style string "<< greeting << std endl; 


return 0; 


In this example 


std string greeting = "Hello, World!"; declares and initializes a std string. 


The string is printed using std cout. 


Accessing Individual Characters 


#include <iostream> 
#include <string> 
int main() { 
// Declaration and initialization of a std string 


std string greeting = "Hello, World!"; 


// Accessing individual characters 
for (int i = 0; i < greeting.length(); ++i) { 


std cout << "Character at index "<<i<<" "<< greeting[i] << std endl; 


return 0; 


In this example 


The length() member function is used to get the length of the string. 


A loop is used to access and print individual characters. 


Concatenation and Comparison 


#include <iostream> 

#include <string> 

int main() { 
// Declaration and initialization of std strings 
std string str1 = "Hello"; 


std string str2 =" World"; 


// Concatenation of std strings 


std string result = str1 + str2; 


// Comparison of std strings 


bool isEqual = (str1 == str2); 


// Printing the results 
std cout << "Concatenated string "<< result << std endl; 


std cout << "Are the strings equal? " << (isEqual? "Yes" "No") << std endl; 


return 0; 


Additional String Operations 


The std string class provides many other useful functions, including 


find Finds the position of a substring within the string. 
substr Extracts a substring from the string. 
replace Replaces a portion of the string with another string. 


c_str Returns a pointer to a null-terminated character array. 


#include <iostream> 
#include <string> 
int main() { 


std string sentence = "The quick brown fox jumps over the lazy dog"; 


// Find the position of a substring 
size_t position = sentence.find("fox"); 
if (position != std string npos) { 


std cout << "Substring 'fox' found at position "<< position << std endl; 


// Extract a substring 
std string substring = sentence.substr(16, 5); 


std cout << "Extracted substring " << substring << std endl; 


// Replace a portion of the string 
sentence.replace(0, 3, "A"); 


std cout << "After replacement "<< sentence << std endl; 


// Convert std string to C-style string 
const char* cStyleString = sentence.c_str(); 


std cout << "C-style string "<< cStyleString << std endl; 


return 0; 


Using std string is generally safer and more convenient than dealing with C-style strings 
directly. It manages memory automatically and helps prevent common issues like buffer 
overflows. Therefore, in modern C++ programming, std string is often the preferred choice for 
working with strings. 


Chapter 6 Object-Oriented Programming (OOP) 


Unlock the potential of object-oriented programming. Understand the principles of 
encapsulation, inheritance, and polymorphism. Create and use classes and objects to build 
modular and scalable software. 


6.1 Introduction to OOP 


Object-Oriented Programming (OOP) is a programming paradigm that uses objects— 
collections of data and the methods that operate on that data—as the fundamental building 
blocks of a program. The key principles of OOP revolve around the concept of objects and 
encapsulation, inheritance, and polymorphism. Let's explore each of these principles 


1. Objects 


An object is an instance of a class, and a class is a blueprint or a template for creating objects. 
Objects have both data (attributes or properties) and behavior (methods or functions). 
Examples of objects could be a car, a person, or a bank account. 


2. Encapsulation 


Encapsulation is the bundling of data (attributes) and methods that operate on the data into a 
single unit, called a class. It hides the internal details of how an object works and exposes only 
what is necessary for the outside world to interact with the object. It provides a way to 
organize and structure code, making it more modular and maintainable. 


3. Inheritance 


Inheritance allows a new class (called a derived or child class) to inherit attributes and 
methods from an existing class (called a base or parent class). It promotes code reuse and the 
creation of a hierarchy of classes. The derived class can extend or override the behavior of the 
base class. 


4. Polymorphism 


Polymorphism means "many forms" and allows objects of different classes to be treated as 
objects of acommon base class. It enables one interface to be used for a general class of actions, 
providing a mechanism for making the code more flexible and extensible. Polymorphism can 
be achieved through method overloading and method overriding. 


Example in C++ 


Here's a simple example in C++ to illustrate OOP principles 


#include <iostream> 
// Base class 


class Shape { 


public 
// Virtual function for area calculation 
virtual float calculateArea() const { 


return 0.0; 


// Derived class (inherits from Shape) 
class Circle public Shape { 
private 


float radius; 


public 
// Constructor 


Circle(float r) radius(r) {} 


// Override the calculateArea function 
float calculateArea() const override { 


return 3.14 * radius * radius; 


// Derived class (inherits from Shape) 
class Rectangle public Shape { 
private 

float length; 


float width; 


public 
// Constructor 


Rectangle(float |, floatw) length(l), width(w) {} 


// Override the calculateArea function 
float calculateArea() const override { 


return length * width; 


int main() { 
// Create objects of Circle and Rectangle 
Circle circle(5.0); 
Rectangle rectangle(4.0, 6.0); 


// Use polymorphism to calculate areas 
Shape* shape1 = &circle; 
Shape* shape2 = &rectangle; 


std cout << "Area of Circle "<< shape1->calculateArea() << std endl; 


std cout << "Area of Rectangle "<< shape2->calculateArea() << std endl; 


return 0; 


} 


In this example 


Shape is the base class with a virtual function calculateArea. Circle and Rectangle are derived 
classes that inherit from Shape. Polymorphism is demonstrated by creating objects of different 
classes and using a common base class pointer to calculate their areas. OOP provides a 
powerful and flexible way to design and organize code, making it easier to understand, extend, 
and maintain. It is widely used in modern software development for its modularity, reusability, 
and abstraction capabilities. 


6.1.1 Encapsulation 


Encapsulation is one of the fundamental principles of Object-Oriented Programming (OOP) 
that involves bundling data (attributes) and the methods that operate on that data into a single 
unit, known as a class. The concept is about restricting access to some of an object's 
components and preventing the direct modification of internal details. Encapsulation helps in 
organizing code, improving modularity, and controlling access to sensitive information. 


Key Aspects of Encapsulation 


Data Hiding 
Encapsulation hides the internal state (data) of an object from the outside world. 


The internal details are kept private and are not directly accessible by code outside the class. 


Access Specifiers 

Access specifiers (public, private, protected) are used to control the visibility of class members. 
Public, Members are accessible from outside the class. 

Private. Members are only accessible within the class. 


Protected, Members are accessible within the class and its derived classes. 


Example in C++ 


#include <iostream> 
// Class definition with encapsulation 
class BankAccount { 
private 
// Private data members 
std string accountHolder; 


double balance; 


public 
// Public member functions for interaction 


BankAccount(const std string& holder, double initialBalance) accountHolder(holder), 
balance(initialBalance) {} 


// Public member function to get account balance 
double getBalance() const { 


return balance; 


// Public member function to deposit money 
void deposit(double amount) { 
if (amount > 0) { 
balance += amount; 
std cout << "Deposit successful. New balance "<< balance << std endl; 
\ else { 


std cout << "Invalid deposit amount." << std endl; 


// Public member function to withdraw money 
void withdraw(double amount) { 
if (amount > 0 && amount <= balance) { 
balance -= amount; 
std cout << "Withdrawal successful. New balance "<< balance << std endl]; 
\ else { 


std cout << "Invalid withdrawal amount or insufficient funds." << std endl; 


int main() { 
// Create a BankAccount object 


BankAccount account("John Doe", 1000.0); 


// Accessing public member functions 


std cout << "Initial balance " << account.getBalance() << std endl; 


account.deposit(500.0); 


account.withdraw(200.0); 


return 0; 


In this example 


BankAccount class encapsulates the data members accountHolder and balance as private 
members. Public member functions (getBalance, deposit, withdraw) provide controlled access 
to the encapsulated data. Access to the private members is restricted, and all interactions occur 
through the public interface. Encapsulation helps in achieving information hiding, preventing 
unintended interference, and promoting a clear separation of concerns in a program. It isa 
crucial aspect of OOP that contributes to code organization and maintenance. 


6.1.2 Inheritance 


Inheritance is a fundamental concept in Object-Oriented Programming (OOP) that allows a new 
class (called the derived or child class) to inherit properties and behaviors from an existing 
class (called the base or parent class). It promotes code reuse and the creation of a hierarchy of 
classes. 


Key Concepts of Inheritance 


Base Class (Parent Class) 


The class whose properties and behaviors are inherited is known as the base class or parent 
class. It defines common attributes and methods that can be shared by multiple derived 
classes. 


Derived Class (Child Class) 


The class that inherits properties and behaviors from another class is known as the derived 
class or child class. It can extend or override the functionality provided by the base class. -> 
"is-a" Relationship 


Inheritance models an "is-a" relationship, indicating that an object of the derived class is also 
an object of the base class. For example, if Bird is a derived class of Animal, an object of type 
Bird is also an Animal. 


Example in C++ 


#include <iostream> 

// Base class 

class Shape { 

public 
// Common method for all shapes 
void displayShapelInfo() const { 


std cout << "This is a shape." << std endl; 


// Derived class 1 

class Circle public Shape { 

public 
// Additional method for circles 
void displayCircleInfo() const { 


std cout << "This is a circle." << std endl; 


// Derived class 2 
class Rectangle public Shape { 
public 
// Additional method for rectangles 
void displayRectangleInfo() const { 


std cout << "This is a rectangle." << std endl; 


int main() { 
// Create objects of Circle and Rectangle 
Circle circle; 


Rectangle rectangle; 

// Use inherited method 
circle.displayShapelInfo(); 
rectangle.displayShapelnfo(); 

// Use additional methods specific to each class 
circle.displayCircleInfo(); 


rectangle.displayRectangleInfo(); 


return 0; 


In this example 


Shape is the base class with a common method displayShapelInfo. Circle and Rectangle are 
derived classes that inherit from Shape. Both derived classes use the inherited method and 
have additional methods specific to their shapes. 


Types of Inheritance 


Single Inheritance 


A derived class inherits from only one base class. 


Multiple Inheritance 


A derived class inherits from more than one base class. 


Multilevel Inheritance 


A derived class serves as the base class for another class. 


Hierarchical Inheritance 


Multiple classes inherit from a single base class. 


Inheritance is a powerful mechanism for creating a hierarchy of classes, promoting code reuse, 
and establishing relationships between different types of objects in a program. It contributes to 
the principles of polymorphism and abstraction in OOP. 


6.1.3 Polymorphism 


Polymorphism, meaning "many forms," is a fundamental concept in Object-Oriented 
Programming (OOP) that allows objects of different types to be treated as objects of acommon 
base type. Polymorphism enables one interface to be used for a general class of actions, making 
the code more flexible and extensible. 


Types of Polymorphism 


Compile-Time (Static) Polymorphism 


Also known as method overloading. It occurs at compile time and involves multiple methods in 
the same scope with the same name but different parameters. The compiler determines the 
appropriate method based on the number and types of arguments. 


#include <iostream> 
// Example of method overloading 
class MathOperations { 
public 
int add(int a, int b) { 


return a + b; 


double add(double a, double b) { 


return a + b; 


int main() { 


MathOperations math; 


std cout << math.add(2, 3) << std endl; // Calls the int version 


std cout << math.add(2.5, 3.7) << std endl; // Calls the double version 


return 0; 


Run-Time (Dynamic) Polymorphism 


Also known as method overriding. It occurs at runtime and involves a base class and one or 
more derived classes. A base class method is marked as virtual, and the derived classes provide 
their own implementation. The correct method is determined at runtime based on the actual 
type of the object. 


#include <iostream> 

// Example of method overriding 

class Shape { 

public 
// Virtual function for area calculation 
virtual double calculateArea() const { 


return 0.0; 


class Circle public Shape { 
private 


double radius; 


public 


// Constructor 


Circle(double r) radius(r) {} 


// Override the calculateArea function 
double calculateArea() const override { 


return 3.14 * radius * radius; 


class Rectangle public Shape { 
private 

double length; 

double width; 


public 
// Constructor 


Rectangle(double |, double w) length(l), width(w) {} 


// Override the calculateArea function 
double calculateArea() const override { 


return length * width; 


int main() { 
// Create objects of Circle and Rectangle 
Circle circle(5.0); 


Rectangle rectangle(4.0, 6.0); 


// Use polymorphism to calculate areas 


Shape* shape1 = &circle; 


Shape* shape2 = &rectangle; 


std cout << "Area of Circle "<< shape1->calculateArea() << std endl; 


std cout << "Area of Rectangle "<< shape2->calculateArea() << std endl; 


return 0; 


Benefits of Polymorphism 


Flexibility and Extensibility 


Code can work with objects of multiple types through a common interface. New classes can be 
added without modifying existing code. 


Readability and Maintenance 


Code becomes more readable as the focus is on the common interface rather than specific 
implementations. Changes to the base class do not affect derived classes. 


Dynamic Behavior 


Run-time polymorphism allows for dynamic method resolution based on the actual type of the 
object. Polymorphism is a key concept in OOP that contributes to code organization, flexibility, 
and the creation of modular, extensible systems. It aligns with the principles of abstraction and 
encapsulation to provide a clean and effective way to design and structure code. 


6.2 Classes and Objects 


In Object-Oriented Programming (OOP), a class is a blueprint or template for creating objects, 
and an object is an instance of a class. Classes define the properties (attributes) and behaviors 
(methods) that objects of that type will have. Let's explore the concepts of classes and objects 
in more detail 


1. Class 


A class is a user-defined data type that represents a blueprint for objects. It encapsulates data 
and methods that operate on that data into a single unit. It serves as a template for creating 
multiple objects with similar characteristics. 


// Example ofa class definition in C++ 
class Car { 
public 

// Data members (attributes) 

std string brand; 

std string model; 


int year; 


// Member functions (methods) 
void displayInfo() { 


std cout <<"Brand "<< brand <<", Model "<< model <<", Year "<< year << std endl; 


2. Object 


An object is an instance of a class, created based on the blueprint provided by the class. It 
represents a real-world entity and can have its own unique values for attributes. Objects can 
interact with each other and perform actions through their methods. 


int main() { 
// Creating objects of the Car class 
Car myCar; 


Car friendCar; 


// Setting values for attributes 
myCar.brand = "Toyota"; 
myCar.model = "Camry"; 


myCar.year = 2022; 


friendCar.brand = "Honda"; 


friendCar.model = "Accord"; 


friendCar.year = 2021; 


// Using object methods 
myCar.displayInfo(); 
friendCar.displayInfo(); 


return 0; 


3. Attributes and Methods 


Attributes (Data Members) represent the properties or characteristics of an object. In the Car 
class example, brand, model, and year are attributes. 


Methods (Member Functions) represent the actions or behaviors that objects of the class can 
perform. In the Car class example, displayInfo is a method. 


4. Access Specifiers 

Access specifiers (public, private, protected) define the visibility of class members. 
Public, Members are accessible from outside the class. 

Private, Members are only accessible within the class. 


Protected, Members are accessible within the class and its derived classes. 


5. Constructor and Destructor 


Constructor - Special member function called when an object is created. It initializes the 
object's attributes. 


Destructor - Special member function called when an object goes out of scope. It is responsible 
for releasing resources. 


class Student { 
private 
std string name; 


int age; 


public 
// Constructor 
Student(const std string&n,inta) name(n), age(a) { 


std cout << "Student object created." << std endl; 


// Destructor 
~Student() { 


std cout << "Student object destroyed." << std endl; 


void displayInfo() { 


std cout << "Name "<< name <<", Age " << age << std endl; 


int main() { 
// Creating objects of the Student class 
Student student1("Alice", 20); 
Student student2("Bob", 22); 


// Using object methods 
student1.displayInfo(); 
student2.displayInfo(); 


return 0; // Destructor called for both objects when they go out of scope 


Classes and objects form the foundation of Object-Oriented Programming, providing a way to 
model real-world entities and encapsulate their properties and behaviors in a structured and 
reusable manner. Classes serve as blueprints, and objects are instances that embody the 
characteristics defined by the class. 


6.2.1 Defining Classes 


Defining a class involves specifying the attributes (data members) and behaviors (member 
functions or methods) that objects of the class will have. Let's explore the key components of 
defining classes 


1. Syntax of Class Definition 


The basic syntax of a class definition in C++ includes the class keyword, followed by the class 
name and a block of members (data members and member functions). 


// Syntax of class definition 
class ClassName { 
public 
// Data members (attributes) 
DataType attributeName1; 


DataType attributeName2; 


Tis 


// Member functions (methods) 
ReturnType methodName1(ParameterType1 param1, ParameterType2 param2) { 


// Method implementation 


ReturnType methodName2(ParameterType3 param3) { 


// Method implementation 


} 
FPS, 
}; 


2. Data Members (Attributes) 


Data members represent the properties or characteristics of objects. They are defined within 
the class and specify the type of data they can hold. Data members can have different access 
specifiers (public, private, protected). 


// Example of a class with data members 
class Person { 
private 

// Private data member 


std string name; 


public 
// Public data members 
int age; 


float height; 


is 


3. Member Functions (Methods) 


Member functions represent the actions or behaviors that objects of the class can perform. 
They are defined within the class and can manipulate the data members. Member functions can 
have different access specifiers (public, private, protected). 


// Example of a class with member functions 
class Rectangle { 
private 

// Private data members 

double length; 

double width; 


public 


// Public member function to set dimensions 


void setDimensions(double len, double wid) { 
length = len; 


width = wid; 


// Public member function to calculate area 
double calculateArea() const { 


return length * width; 


4. Constructor and Destructor 


Constructor - A special member function called when an object is created. It initializes the 
object's attributes. 


Destructor - A special member function called when an object goes out of scope. It is 
responsible for releasing resources. 


// Example ofa class with constructor and destructor 
class Student { 
private 

std string name; 


int age; 


public 
// Constructor 
Student(const std string&n,inta) name(n), age(a) { 


// Initialization code 


// Destructor 
~Student() { 
// Cleanup code 


ie 


Example 


#include <iostream> 
// Class definition for a Book 
class Book { 
public 
// Data members 
std string title; 
std string author; 


int year; 


// Member functions 
void displayInfo() { 


std cout << "Title "<< title <<", Author "<< author <<", Year " << year << std endl; 


int main() { 
// Creating an object of the Book class 


Book myBook; 


// Setting values for attributes 


myBook.title = "The Great Gatsby"; 


myBook.author = "F. Scott Fitzgerald"; 


myBook.year = 1925; 


// Using object methods 
myBook.displayInfo(); 


return 0; 


In this example 


Book is a class representing a book with attributes title, author, and year. An object myBook is 
created based on the Book class. Values for attributes are set, and the displayInfo method is 
called to display information about the book. 


Defining classes is a foundational step in Object-Oriented Programming, providing a blueprint 
for creating objects with specific characteristics and behaviors. Classes encapsulate data and 
methods, promoting code organization, reuse, and modularity. 


6.2.2 Constructors and Destructors 


Constructors and destructors are special member functions in a class that are responsible for 
initializing and cleaning up the object's resources, respectively. They play a crucial role in the 
life cycle of objects. Let's explore constructors and destructors in more detail 


1. Constructor 


A constructor is a special member function that is called when an object of the class is created. 
Its purpose is to initialize the object's attributes and set up any necessary resources. 
Constructors have the same name as the class and do not have a return type. There can be 
multiple constructors with different parameter lists (overloaded constructors). 


// Example ofa class with constructors 
class Car { 
private 


std string brand; 


std string model; 


int year; 


public 
// Default constructor 
Car() { 
std cout << "Default constructor called." << std endl; 


// Initialization code (if any) 


// Parameterized constructor 
Car(const std string& b, const std string& m, int y) brand(b), model(m), year(y) { 
std cout << "Parameterized constructor called." << std endl; 


// Initialization code (if any) 


a 


int main() { 
// Creating objects of the Car class 
Car defaultCar; // Calls the default constructor 


Car myCar("Toyota", "Camry", 2022); // Calls the parameterized constructor 


return 0; 


2. Destructor 


A destructor is a special member function that is called when an object goes out of scope or is 
explicitly deleted. Its purpose is to release resources acquired by the object during its lifetime. 
Destructors have the same name as the class preceded by a tilde (~) and do not have 
parameters or return types. There is only one destructor per class. 


// Example ofa class with a destructor 
class Student { 
private 

std string name; 


int age; 


public 
// Constructor 
Student(const std string&n,inta) name(n), age(a) { 


std cout << "Constructor called." << std endl; 


// Destructor 


~Student() { 
std cout << "Destructor called." << std endl; 
// Cleanup code (if any) 

} 

Tics 


int main() { 
// Creating an object of the Student class 


Student myStudent("Alice", 20); // Calls the constructor 


// Object goes out of scope, destructor is called 


return 0; // Destructor called for myStudent 


3. Default Constructor 


If a class does not explicitly define any constructors, C++ provides a default constructor. The 
default constructor is called when an object is created without any arguments. 


// Example ofa class with a default constructor 
class Dog { 
private 

std string name; 


int age; 


public 
// Default constructor (provided by C++) 
DogQ) { 


std cout << "Default constructor called." << std endl; 


// Xnitialization code (if any) 


Te 


int main() { 
// Creating an object of the Dog class using the default constructor 


Dog myDog; // Calls the default constructor 


return 0; 


Constructors and destructors are essential for proper resource management and initialization 
in classes. They allow for explicit control over object creation and destruction, helping to avoid 
resource leaks and ensuring that objects are in a valid state during their lifetime. 


6.3 Advanced OOP Concepts 


Advanced Object-Oriented Programming (OOP) concepts build upon the foundational 
principles of OOP, including encapsulation, inheritance, and polymorphism. Let's explore some 
of the advanced concepts in OOP 


1. Abstraction 


Abstraction involves simplifying complex systems by modeling classes based on the essential 
properties and behaviors they exhibit. It focuses on what an object does rather than how it 
achieves its functionality. Abstract classes and interfaces are used to achieve abstraction. 


2. Abstract Classes 


An abstract class is a class that cannot be instantiated and may contain abstract methods. 
Abstract methods are declared in the abstract class but have no implementation. Concrete 
derived classes must provide implementations for all abstract methods. 


// Example of an abstract class 
class Shape { 
public 
// Pure virtual function (abstract method) 


virtual void draw() const = 0; 


ji 


// Concrete derived class 
class Circle public Shape { 
public 

void draw() const override { 


// \mplementation for drawing a circle 


// Concrete derived class 
class Rectangle public Shape { 
public 

void draw() const override { 


// \mplementation for drawing a rectangle 


3. Interfaces 


An interface is a collection of abstract methods that define a contract for classes implementing 
the interface. Classes can implement multiple interfaces. Interfaces provide a way to achieve 
multiple inheritances in languages that do not support it directly. 


// Example of an interface 
class Printable { 
public 

virtual void print() const = 0; 


i 


// Class implementing the interface 
class Document _ public Printable { 
public 

void print() const override { 


// \mplementation for printing a document 


4. Polymorphism (Runtime) 


Runtime polymorphism involves using pointers or references to base class types to achieve 
dynamic method resolution. It allows for the flexibility of working with objects of different 
types through a common interface. Achieved through virtual functions and dynamic dispatch. 


// Example of runtime polymorphism 
class Animal { 
public 


virtual void makeSound() const { 


// Default sound for an animal 


class Dog public Animal { 
public 
void makeSound() const override { 


// Bark 


class Cat public Animal { 
public 
void makeSound() const override { 


// Meow 


// Using runtime polymorphism 
void performSound(const Animal& animal) { 


animal.makeSound(); 


int main() { 
Dog myDog; 


Cat myCat; 


performSound(myDog); // Calls Dog's makeSound 


performSound(myCat); // Calls Cat's makeSound 


return 0; 


5. Composition 


Composition involves creating objects of one class as members of another class. It allows for 
building complex objects by combining simpler ones. Composition is often favored over 
inheritance for achieving code reuse and flexibility. 


// Example of composition 
class Engine { 


// Engine implementation 


ie 


class Car { 
private 


Engine carEngine; // Composition Car has an Engine 


public 
// Car methods 
} 


ANN 


6. Friend Functions and Classes 


Friend functions and classes have access to the private and protected members of a class. They 
are declared using the friend keyword. Friend functions are not member functions of the class 
but have special access privileges. 


// Example of friend function 
class MyClass { 
private 


int secretData; 


// Declare friend function 


friend void friendFunction(const MyClass& obj); 


public 


MyClass(int data) secretData(data) {} 


// MyClass methods 
} 


// Definition of friend function 
void friendFunction(const MyClass& obj) { 


std cout << "Friend Function accessing secretData "<< obj.secretData << std endl; 


These advanced OOP concepts provide additional tools for designing and organizing complex 
systems. They contribute to code flexibility, modularity, and maintainability, allowing 
developers to create robust and scalable software architectures. 


6.3.1 Abstraction 


Abstraction is a fundamental concept in Object-Oriented Programming (OOP) that involves 
simplifying complex systems by modeling classes based on the essential properties and 
behaviors they exhibit. The goal is to focus on what an object does rather than how it achieves 
its functionality. Abstraction allows developers to manage complexity by hiding unnecessary 
details and emphasizing the relevant aspects of objects. 


Key Points of Abstraction 


Abstract Classes 


An abstract class is a class that cannot be instantiated and may contain abstract methods. 
Abstract methods are declared in the abstract class but have no implementation. Concrete 
derived classes must provide implementations for all abstract methods. 


// Example of an abstract class 


class Shape { 


public 
// Pure virtual function (abstract method) 


virtual void draw() const = 0; 


ie 


// Concrete derived class 
class Circle public Shape { 
public 

void draw() const override { 


// \mplementation for drawing a circle 


// Concrete derived class 
class Rectangle public Shape { 
public 

void draw() const override { 


// \mplementation for drawing a rectangle 


Interfaces 


An interface is a collection of abstract methods that define a contract for classes implementing 
the interface. Classes can implement multiple interfaces. Interfaces provide a way to achieve 
multiple inheritances in languages that do not support it directly. 


// Example of an interface 
class Printable { 
public 

virtual void print() const = 0; 


}; 


// Class implementing the interface 
class Document _ public Printable { 
public 

void print() const override { 


// \mplementation for printing a document 


Data Abstraction 


Data abstraction involves hiding the internal details of how data is stored and processed, 
exposing only the essential information. It is often achieved through the use of private data 
members and public methods to interact with the data. 


// Example of data abstraction 
class BankAccount { 
private 

std string accountHolder; 


double balance; 


public 
// Public member functions for interaction 
void deposit(double amount) { 


// \mplementation for deposit 


void withdraw(double amount) { 


// \mplementation for withdrawal 


double getBalance() const { 


// \mplementation for getting balance 


return balance; 


Function Abstraction 


Function abstraction involves encapsulating the implementation details of a function and 
exposing only its interface. It allows users to use a function without needing to understand its 
internal workings. 


// Example of function abstraction 

int add(int a, int b) { 
// mplementation details are hidden 
return a+b; 


} 


Abstraction helps in managing the complexity of software systems by providing a clear and 
simplified view of objects and their interactions. It allows developers to design and implement 
systems in a way that is easier to understand, maintain, and extend. Abstraction is a key 
principle that aligns with the goals of modularity and encapsulation in OOP. 


6.3.2 Interfaces 


An interface is a programming construct that defines a contract for classes to follow. It consists 
of a collection of abstract methods that do not have implementations. Classes that implement 
an interface must provide concrete implementations for all the methods declared in the 
interface. Interfaces are a powerful tool for achieving abstraction and designing systems with 
multiple inheritance-like behavior. 


Key Characteristics of Interfaces 


Declaration of Methods 


An interface declares a set of methods without providing their implementations. Methods 
declared in an interface are implicitly public and abstract. 


// Example of an interface in C++ 


class Printable { 


public 
virtual void print() const = 0; // Pure virtual function 


}; 


Implementation by Classes 


Classes that implement an interface must provide concrete implementations for all the 
methods declared in the interface. An implementing class uses the override keyword to 
indicate that it is providing an implementation for an interface method. 


// Class implementing the Printable interface 
class Document _ public Printable { 
public 

void print() const override { 


// \mplementation for printing a document 


Multiple Interface Implementation 


A class can implement multiple interfaces. This allows a class to inherit behavior from multiple 
sources, providing a form of multiple inheritance in languages that do not support it directly. 


// Example of a class implementing multiple interfaces 
class Shape public Printable, public Drawable { 
public 

void print() const override { 


// mplementation for printing a shape 


void draw() const override { 


// \mplementation for drawing a shape 


Interface Inheritance 


Interfaces can also inherit from other interfaces. This allows for the creation of a hierarchy of 
interfaces, and a class implementing a derived interface must provide implementations for all 
methods declared in both the base and derived interfaces. 


// Example of interface inheritance 
class Exportable public Printable { 
public 

virtual void exportToFile() const = 0; 


if 


// Class implementing multiple interfaces 
class Report public Exportable { 
public 

void print() const override { 


// \mplementation for printing a report 


void exportToFile() const override { 


// \mplementation for exporting a report to a file 


Use Cases of Interfaces 


Defining Contracts 


Interfaces define contracts that classes must adhere to. They specify a set of methods that 
implementing classes must provide, ensuring a consistent interface. 


Achieving Multiple Inheritance 


Interfaces allow a class to inherit behavior from multiple sources, achieving a form of multiple 
inheritance. 


Code Flexibility and Extensibility 


Interfaces provide flexibility by allowing classes to implement only the methods relevant to 
their functionality. They facilitate extensibility, as new classes can be easily integrated into 
existing systems by implementing the required interfaces. 


Example 


#include <iostream> 
// Printable interface 
class Printable { 
public 
virtual void print() const = 0; // Pure virtual function 


ie 


// Drawable interface 
class Drawable { 
public 
virtual void draw() const = 0; // Pure virtual function 


i 


// Class implementing multiple interfaces 
class Circle public Printable, public Drawable { 
public 

void print() const override { 


std cout << "Printing a circle." << std endl; 


void draw() const override { 


std cout << "Drawing a circle." << std endl; 


int main() { 
// Creating an object of the Circle class 


Circle myCircle; 


// Using the object through interfaces 
Printable* printableObj = &myCircle; 
Drawable* drawableObj = &myCircle; 


printableObj->print(); // Calls print method of Circle 
drawableObj->draw(); // Calls draw method of Circle 


return 0; 


In this example, the Circle class implements both the Printable and Drawable interfaces. 
Objects of the Circle class can be treated as instances of either interface, providing flexibility in 
how they are used within a system. 


6.3.3 Operator Overloading 


Operator overloading is a feature in object-oriented programming that allows the same 
operator to behave differently depending on the context of its usage. In C++, you can overload 
operators by providing special member functions that define the behavior of the operators for 
user-defined types. This enables a more natural and intuitive use of operators with custom 
classes. 


Overloadable Operators 


C++ allows overloading of a variety of operators, including 


Arithmetic operators (+, -, *, /, %, etc.) 
Comparison operators (==, !=, <, >, <=, >=, etc.) 
Assignment operators (=, +=, -=, *=, /=, etc.) 


Increment and decrement operators (++, --) 


Stream insertion and extraction operators (<<, >>) 


Function call operator (()) 


Syntax for Operator Overloading 


To overload an operator, you define a special member function corresponding to that operator. 
The general syntax for operator overloading is 


returnType operator op(parameters) { 


// mplementation for the operator 


Here, op is the operator to be overloaded, and the returnType is the type of value returned by 
the overloaded operator. 


Example Overloading the + Operator for a Complex Number Class 


#include <iostream> 
class Complex { 
private 

double real; 


double imaginary; 


public 
// Constructor 


Complex(double r, double i) real(r), imaginary(i) {} 
// Overloading the + operator 


Complex operator+(const Complex®& other) const { 


return Complex(real + other.real, imaginary + other.imaginary); 


// Function to display the complex number 


void display() const { 


std cout << "Real "<< real <<", Imaginary "<< imaginary << std endl; 


int main() { 
// Creating two complex numbers 
Complex c1(2.0, 3.5); 
Complex c2(1.5, 2.5); 


// Using the overloaded + operator 


Complex result = c1 + c2; 


// Displaying the result 
result.display(); 


return 0; 


In this example, the + operator is overloaded for the Complex class. The overloaded + operator 
adds the corresponding real and imaginary parts of two Complex numbers and returns a new 
Complex object representing the sum. 


Rules and Considerations 
Unary Operators 


Some operators can be overloaded as unary operators (e.g., +, -, ++, --). Unary operators are 
overloaded as member functions with no parameters. 


Binary Operators 


Binary operators take one argument for unary operators and two arguments for binary 
operators. Binary operators are overloaded as member functions with one parameter for 
binary operators or as non-member functions with two parameters. 


Global Functions 


Some operators, like << and >>, are typically overloaded as global functions rather than 
member functions. 


Friend Functions 


Friend functions can be used for operator overloading when access to private members of the 
class is required. 


Consistency and Intuitiveness 


Overloaded operators should be implemented to provide consistent and intuitive behavior. 


Operator overloading is a powerful feature that allows developers to create more expressive 
and natural interfaces for their classes. However, it should be used judiciously to avoid 
confusion and maintain code readability. 


Chapter 7 Pointers and Memory Management 


Master the art of pointers and dynamic memory allocation. Learn how to manipulate memory 
directly, opening the door to more advanced data structures and efficient resource 
management. 


7.1 Pointers in C++ 


In C++, a pointer is a variable that holds the memory address of another variable. Pointers play 
a crucial role in memory management and allow for more flexible and efficient manipulation of 
data. Here are the key concepts related to pointers in C++ 


1. Declaration of Pointers 


To declare a pointer, you use the asterisk * symbol in the declaration. The type of the pointer 
should match the type of the variable it will point to. 


int main() { 
int x = 10; 
int *ptr; // Declaration of an integer pointer 


ptr = &x; // Assigning the address of x to the pointer 


// Now, ptr holds the memory address of x 


return 0; 


2. Accessing the Value Through a Pointer 


You can access the value of the variable that a pointer points to by using the dereference 
operator *. 


int main() { 
intx = 10; 


int *ptr = &x; // Declaration and initialization of a pointer 


// Accessing the value through the pointer 


int value = *ptr; 


return 0; 


3. Pointer Arithmetic 


Pointer arithmetic allows you to perform arithmetic operations on pointers, which is 
particularly useful for navigating through arrays. 


int main() { 
int arr[] = {1, 2, 3, 4, 5}; 


int *ptr = arr; // Pointer points to the beginning of the array 


// Accessing array elements using pointer arithmetic 


int thirdElement = *(ptr + 2); // Equivalent to arr[2] 


return 0; 


4. Null Pointers 


A null pointer is a pointer that does not point to any memory location. It is often used to 
indicate that the pointer is not intended to point to a valid object. 


int main() { 


int *ptr = nullptr; // Declaration of a null pointer 
// Check if the pointer is null before dereferencing 


if (ptr != nullptr) { 


int value = *ptr; 


return 0; 


5. Pointer and Array Relationship 


In C++, arrays and pointers are closely related. An array name can be used as a pointer to the 
first element of the array. 


int main() { 
int arr[] = {1, 2, 3, 4, 5}; 


int *ptr = arr; // Array name acts as a pointer to the first element 


// Accessing array elements using pointer 


int firstElement = *ptr; // Equivalent to arr[0] 


return 0; 


6. Dynamic Memory Allocation 


Pointers are commonly used for dynamic memory allocation using new and deallocation using 
delete. 


int main() { 
int *ptr = new int; // Dynamic memory allocation 
*ptr = 42; // Assigning a value to the dynamically allocated memory 
Lion 


delete ptr; // Deallocating the dynamically allocated memory 


return 0; 


7. Pointer to Functions 


Pointers can also point to functions, enabling the use of function pointers. 


#include <iostream> 
void displayMessage() { 


std cout << "Hello, World!" << std endl; 


int main() { 
void (*funcPointer)() = &displayMessage; // Pointer to a function 


(*funcPointer)(); // Calling the function through the pointer 


return 0; 


Pointers are a powerful and versatile feature in C++. They provide direct access to memory 
locations, enabling efficient memory management and various advanced programming 
techniques. However, improper use of pointers can lead to bugs such as memory leaks and 
segmentation faults, so it's important to handle them with care. 


7.1.1 Basics of Pointers 


Pointers in C++ provide a way to work with memory addresses, allowing for dynamic memory 
allocation, efficient array manipulation, and direct access to data. Here are the basic concepts 
associated with pointers 


1. Declaration and Initialization 


To declare a pointer, you use the asterisk * symbol. Here's how you declare a pointer and 
initialize it with the address of a variable 


int main() { 
int num = 42; 
int *ptr; // Declaration of a pointer 


ptr=&num;  // Initialization Assigning the address of 'num' to 'ptr' 


// Alternatively, you can combine declaration and initialization 


int *anotherPtr = &num; 


return 0; 


2. Dereferencing 


Dereferencing a pointer means accessing the value stored at the memory address it points to. It 
is done using the * operator 


int main() { 
int num = 42; 


int *ptr = &num; 


// Dereferencing Accessing the value through the pointer 


int value = *ptr; // 'value'’ now contains 42 


return 0; 


3. Null Pointers 


A null pointer is a pointer that does not point to any memory location. It's a good practice to 
initialize pointers to null when they are not pointing to valid addresses 


int main() { 


int *ptr = nullptr; // Null pointer 


// Check if the pointer is null before dereferencing 
if (ptr != nullptr) { 


int value = *ptr; // Dereferencing 


return 0; 


4. Pointer Arithmetic 


Pointer arithmetic involves using arithmetic operations with pointers, particularly useful when 
dealing with arrays 


int main() { 
int arr[] = {10, 20, 30, 40, 50}; 


int *ptr = arr; // Points to the first element of the array 


// Accessing array elements using pointer arithmetic 


int thirdElement = *(ptr + 2); // Equivalent to arr[2] 


return 0; 


5. Arrays and Pointers 


Arrays and pointers are closely related in C++. An array name can be used as a pointer to the 
first element of the array 


int main() { 
int arr[] = {10, 20, 30}; 


int *ptr =arr; // Array name acts as a pointer to the first element 


// Accessing array elements using pointer 


int firstElement = *ptr; // Equivalent to arr[0| 


return 0; 


6. Dynamic Memory Allocation 


Pointers are commonly used for dynamic memory allocation using new and deallocation using 
delete 


int main() { 


int*ptr=newint; // Dynamic memory allocation 


*ptr = 42; // Assigning a value to the dynamically allocated memory 
Tf 

delete ptr; // Deallocating the dynamically allocated memory 

return 0; 


7. Pointer to Functions 


Pointers can also point to functions, allowing for dynamic function invocation 


#include <iostream> 


void displayMessage() { 


std cout << "Hello, World!" << std endl; 


int main() { 
void (*funcPointer)() = &displayMessage; // Pointer to a function 


(*funcPointer)(); // Calling the function through the pointer 


return 0; 


Understanding pointers is crucial for efficient memory management in C++. Proper use of 
pointers allows you to manipulate data at a low level, leading to more efficient and flexible 
code. However, improper use of pointers can result in memory-related issues, so care must be 
taken when working with them. 


7.1.2 Pointer Arithmetic 


Pointer arithmetic allows you to perform arithmetic operations on pointers, making it 
convenient to navigate through arrays and manipulate memory addresses. Here are the key 
concepts related to pointer arithmetic in C++ 


1. Increment and Decrement 


You can increment and decrement pointers, and the size of the increment or decrement is 
based on the data type the pointer is pointing to. 


int main() { 
int arr[] = {10, 20, 30, 40, 50}; 


int *ptr =arr; // Points to the first element of the array 


// \ncrementing the pointer 


ptr++; // Moves to the next element of the array 


// Decrementing the pointer 


ptr--; // Moves back to the previous element of the array 


return 0; 


2. Pointer Arithmetic with Arrays 


Pointer arithmetic is commonly used when working with arrays. It allows you to navigate 
through the array elements efficiently. 


int main() { 


int arr[] = {10, 20, 30, 40, 50}; 


int *ptr =arr; // Points to the first element of the array 


// Accessing array elements using pointer arithmetic 


int thirdElement = *(ptr + 2); // Equivalent to arr[2] 


return 0; 


3. Size of Data Type 


The size of the data type the pointer is pointing to determines the size of the increment or 
decrement during pointer arithmetic. 


int main() { 
int arr[] = {10, 20, 30, 40, 50}; 


int *intPtr = arr; // Points to an int (4 bytes on most systems) 


char *charPtr = reinterpret_cast<char*>(arr); // Points to a char (1 byte) 


// \ncrementing pointers based on the size of the data type 
intPtr++; // Moves by 4 bytes 
charPtr++; // Moves by 1 byte 


return 0; 


4. Pointer Subtraction 


You can subtract one pointer from another to find the number of elements between them. The 
result is the difference in memory addresses divided by the size of the data type. 


int main() { 
int arr[] = {10, 20, 30, 40, 50}; 


int *ptr1 =arr; // Points to the first element 


int *ptr2 = arr +3; // Points to the fourth element 


// Subtracting pointers to find the number of elements between them 


int elementsBetween = ptr2 - ptr1; // Result is 3 


return 0; 


5. Array Indexing and Pointer Arithmetic 


Array indexing is equivalent to pointer arithmetic. The array name itself is a pointer to the first 
element. 


int main() { 


int arr[] = {10, 20, 30, 40, 50}; 


// Array indexing 


int value1 = arr[2]; // Equivalent to *(arr + 2) 


// Using a pointer with pointer arithmetic 
int *ptr = arr; 


int value2 = *(ptr + 2); // Equivalent to arr[2] 


return 0; 


Pointer arithmetic is a powerful feature in C++ that enables efficient manipulation of memory 
addresses. When working with arrays, it provides a convenient way to iterate through 
elements without using explicit indices. However, it's important to handle pointer arithmetic 
carefully to avoid undefined behavior, especially when dealing with pointers at the boundaries 
of allocated memory. 


7.2 Dynamic Memory Allocation 


Dynamic memory allocation in C++ is a way to allocate memory at runtime using pointers. The 
new operator is used to allocate memory on the heap, and the delete operator is used to 
deallocate the allocated memory. Here are the basic concepts related to dynamic memory 
allocation 


1. Allocating Memory 


The new operator is used to allocate memory on the heap. It returns a pointer to the allocated 
memory. 


int main() { 
// Allocating memory for an integer on the heap 


int *ptr = new int; 


// Allocating memory for an array of integers on the heap 


int *arrPtr = new int[5]; 


oe 


// Deallocating the allocated memory 
delete ptr; 


delete[] arrPtr; 


return 0; 


2. Initializing Allocated Memory 


Allocated memory can be initialized using the assignment operator or by using the 
parentheses. 


int main() { 
// Allocating memory and initializing with the assignment operator 
int *ptr = new int; 


*ptr = 42; 


// Allocating memory and initializing with parentheses 


int *arrPtr = new int[3]{1, 2, 3}; 


ie 


// Deallocating the allocated memory 
delete ptr; 


delete[] arrPtr; 


return 0; 


3. Dynamic Objects 


Dynamic memory allocation is commonly used for creating objects on the heap. The new 
operator calls the constructor. 


class MyClass { 
public 
MyClass() { 


// Constructor logic 


// Other member functions... 


}; 


int main() { 
// Allocating memory for an object on the heap 


MyClass *objPtr = new MyClass; 


Te 


// Deallocating the allocated memory 


delete objPtr; 


return 0; 


4. Checking for Allocation Failure 


It's good practice to check if the memory allocation was successful before using the allocated 
memory. 


int main() { 
// Allocating memory with error checking 


int *ptr = new(std nothrow) int; 


if (ptr == nullptr) { 
// Allocation failed 
\ else { 
// Allocation successful 


*ptr = 42; 


die 


// Deallocating the allocated memory 


delete ptr; 


return 0; 


5. Memory Leaks 


It's crucial to deallocate the dynamically allocated memory using the delete or delete|[] 
operator to avoid memory leaks. 


int main() { 
// Allocating memory 


int *ptr = new int; 


ie 


// Deallocating the allocated memory to avoid memory leak 


delete ptr; 


return 0; 


6. Smart Pointers 


C++11 introduced smart pointers, such as std unique_ptr and std shared_ptr, which help 
manage dynamic memory automatically. 


#include <memory> 


int main() { 
// Using std unique_ptr for automatic memory management 


std unique_ptr<int> ptr = std make_unique<int>(42); 


// No need to manually delete, memory is automatically deallocated 


return 0; 


Dynamic memory allocation provides flexibility in managing memory resources during 
program execution. However, improper use, such as forgetting to deallocate memory or 
accessing memory after deallocation, can lead to memory leaks or undefined behavior. Smart 
pointers are recommended for safer memory management, as they automatically handle the 
deallocation of memory when the object goes out of scope. 


7.2.1 new and delete Operators 


Dynamic memory allocation in C++ involves using the new operator to allocate memory on the 
heap and the delete operator to deallocate it. Here's how you can use these operators 


1. Dynamic Memory Allocation with new 


The new operator allocates memory on the heap for a single variable or an array. It returns a 
pointer to the allocated memory. 


int main() { 
// Allocating memory for a single integer 


int *singleInt = new int; 


// Allocating memory for an array of integers 


int *intArray = new int[5]; 


fies 


// Deallocating the memory 
delete singleInt; 


delete[] intArray; 


return 0; 


2. Initializing Allocated Memory 


You can initialize the allocated memory with the assignment operator or using parentheses. 


int main() { 


// Allocating memory for a single integer and initializing 


int *singleInt = new int(42); 


// Allocating memory for an array of integers and initializing 


int *intArray = new int[3]{1, 2, 3}; 


Ips 


// Deallocating the memory 
delete singlelInt; 


delete[] intArray; 


return 0; 


3. Checking for Allocation Failure 


It's a good practice to check if the memory allocation was successful, especially when allocating 
a large amount of memory. 


int main() { 
// Allocating memory with error checking 


int *ptr = new(std nothrow) int; 


if (ptr == nullptr) { 
// Allocation failed 
\ else { 
// Allocation successful 


*ptr = 42; 


IP 


// Deallocating the memory 


delete ptr; 


return 0; 


4. Dynamic Objects 


Dynamic memory allocation is commonly used for creating objects on the heap. The new 
operator calls the object's constructor. 


class MyClass { 
public 
MyClass() { 


// Constructor logic 


// Other member functions... 


}; 


int main() { 
// Allocating memory for an object on the heap 


MyClass *objPtr = new MyClass; 


die 


// Deallocating the memory 


delete objPtr; 


return 0; 


5. Memory Leaks 


It's crucial to deallocate the dynamically allocated memory using delete or delete[] to avoid 
memory leaks. 


int main() { 
// Allocating memory 


int *ptr = new int; 


ie 


// Deallocating the memory to avoid memory leak 


delete ptr; 


return 0; 


6. Arrays and Pointers 


Arrays and pointers are closely related in C++. The array name itself is a pointer to the first 
element. 


int main() { 
// Allocating memory for an array and using pointers 


int *arrPtr = new int[3]{1, 2, 3}; 


// Accessing array elements using pointer arithmetic 


int thirdElement = *(arrPtr + 2); // Equivalent to arr[2] 


TP 


// Deallocating the memory 


delete[] arrPtr; 


return 0; 


7. Smart Pointers 


C++11 introduced smart pointers, such as std unique_ptr and std shared_ptr, which provide 
automatic memory management. 


#include <memory> 
int main() { 
// Using std unique_ptr for automatic memory management 


std unique_ptr<int> ptr = std make_unique<int>(42); 


// No need to manually delete, memory is automatically deallocated 


return 0; 


Dynamic memory allocation is a powerful feature in C++, but it comes with the responsibility of 
proper memory management. Always remember to deallocate the memory using delete or 
delete[] to avoid memory leaks. Smart pointers can provide a safer and more convenient way 
to manage dynamic memory in modern C++. 


7.2.2 Memory Leaks and Memory Management 


Memory management is a critical aspect of programming in C++. Improper handling of 
memory can lead to memory leaks, which occur when allocated memory is not deallocated, 
causing the program to consume more and more memory over time. Here's an overview of 
memory leaks and best practices for memory management 


1. Memory Leaks 


A memory leak occurs when dynamically allocated memory is not deallocated before the 
program exits. This can happen if you forget to use the delete or delete[] operator after using 
new or new|] to allocate memory. 


int main() { 
// Allocating memory without deallocating 


int *ptr = new int; 


ITs 


// Oops! Forgot to deallocate the memory 


// delete ptr; // Uncomment this line to fix the memory leak 


return 0; 


2. Memory Management Best Practices 


To avoid memory leaks and ensure proper memory management, follow these best practices 


a. Use Smart Pointers 


C++11 introduced smart pointers, such as std unique_ptr and std shared_ptr, which 
automatically manage memory. Smart pointers handle deallocation when the object goes out of 
scope, reducing the chances of memory leaks. 


#include <memory> 
int main() { 
// Using std unique_ptr for automatic memory management 


std unique_ptr<int> ptr = std make_unique<int>(42); 


// No need to manually delete, memory is automatically deallocated 


return 0; 


b. Avoid Raw Pointers When Possible 


Prefer using smart pointers and standard containers (e.g., std vector, std string) over raw 
pointers. Smart pointers encapsulate memory management logic, reducing the risk of memory 
leaks. 


c. Delete Allocated Memory 


Always remember to use delete or delete[]| to deallocate memory after dynamic allocation. 


int main() { 
// Allocating memory 


int *ptr = new int; 


ie 


// Deallocating the memory to avoid memory leak 


delete ptr; 


return 0; 


d. Avoid Manual Memory Management 


Use higher-level abstractions and standard library containers that manage memory 
automatically. This reduces the need for manual memory management and decreases the 
likelihood of memory leaks. 


e. Check for Null Pointers 


Before dereferencing a pointer, check if it is nullptr to avoid accessing memory that has not 
been allocated. 


int main() { 
// Allocating memory with error checking 


int *ptr = new(std nothrow) int; 


if (ptr == nullptr) { 
// Allocation failed 
\ else { 
// Allocation successful 


*ptr = 42; 


ITs 


// Deallocating the memory 


delete ptr; 


return 0; 


f. Profile and Debug 


Use memory profiling tools and debugging techniques to identify and address memory leaks. 
Tools like Valgrind can help detect memory-related issues. 


3. Valgrind for Memory Leak Detection 


Valgrind is a powerful tool for detecting memory leaks and memory-related errors in C++ 
programs. It can be used to analyze the program's memory usage and identify potential issues. 


To use Valgrind 


- Compile your program with debugging information g++ -g your_program.cpp -o 
your_program 


- Run your program through Valgrind valgrind ./your_program 


- Valgrind will provide information about memory leaks, invalid memory accesses, and other 
memory-related issues. 


==12345== LEAK SUMMARY 
==12345== definitely lost X bytes in Y blocks 
==12345== indirectly lost Z bytes in W blocks 


Proper memory management is crucial for writing robust and reliable C++ programs. By 
following best practices, using smart pointers, and leveraging tools like Valgrind, you can 
minimize the risk of memory leaks and ensure efficient memory utilization in your programs. 


Chapter 8 File Handling 


Explore the essentials of reading from and writing to files. Whether dealing with text or binary 
files, this chapter equips you with the skills to interact with external storage and handle data 
persistence. 


8.1 Reading from and Writing to Files 


File handling is a fundamental aspect of programming, and C++ provides a set of standard 
libraries for handling files. Here's an overview of how to read from and write to files in C++ 


1. Reading from a File 


To read from a file in C++, you typically use an instance of the std ifstream (input file stream) 
class. 


#include <iostream> 
#include <fstream> 


#include <string> 


int main() { 
// Open a file for reading 


std ifstream inputFile("example.txt"); 


// Check if the file is open 
if (!inputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Read data from the file 
std string line; 
while (std getline(inputFile, line)) { 


std cout << line << std endl; 


// Close the file 


inputFile.close(); 


return 0; 


In this example 


We use std ifstream to create an input file stream. The open method is used to associate the 
stream with a file. We check if the file is open using is_open to handle any errors. std getline is 
used to read each line from the file. 


2. Writing to a File 


To write to a file in C++, you typically use an instance of the std ofstream (output file stream) 
class. 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for writing 


std ofstream outputFile("output.txt"); 


// Check if the file is open 
if (!loutputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Write data to the file 
outputFile << "Hello, World!" << std endl; 


outputFile << "This is a new line." << std endl; 


// Close the file 


outputFile.close(); 


return 0; 


} 


In this example 


We use std ofstream to create an output file stream. The open method is used to associate the 
stream with a file. We check if the file is open using is_open to handle any errors. We use the 
stream's operator<< to write data to the file. 


3. Appending to a File 


If you want to append data to an existing file, you can use the std ofstream constructor with 
the std ios app flag. 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for appending 


std ofstream outputFile("output.txt", std ios app); 


// Check if the file is open 
if (!outputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Append data to the file 


outputFile << "This line is appended." << std endl; 


// Close the file 


outputFile.close(); 


return 0; 


} 


In this example, the std ios app flag is used to open the file in append mode. 


4. Binary File I/O 


For reading and writing binary files, you can use std ifstream and std ofstream in a similar 
manner. However, you need to open the streams in binary mode using std ios binary. 


#include <iostream> 
#include <fstream> 
int main() { 
// Open a binary file for writing 


std ofstream binaryOutputFile("binary_data.bin", std ios binary); 


// Check if the file is open 
if (!binaryOutputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Write binary data to the file 
int data[] = {1, 2, 3, 4, 5}; 


binaryOutputFile.write(reinterpret_cast<char*>(data), sizeof(data)); 


// Close the file 


binaryOutputFile.close(); 


return 0; 


In this example, std ios binary is used to open the file in binary mode, and write is used to 
write binary data. File handling in C++ involves creating instances of std ifstream and std 
ofstream to read from and write to files, respectively. Ensure proper error checking when 


opening files, and close files after use to avoid resource leaks. The std ios app and std ios 
binary flags can be used for specific modes of file I/O. 


8.1.1 File Streams 


In C++, file streams are used for reading from and writing to files. The standard library 
provides two main classes for file I/O std ifstream for input (reading) and std ofstream for 
output (writing). Here's how you can use file streams 


1. Reading from a File (std ifstream) 


To read from a file, use an instance of std ifstream 


#include <iostream> 
#include <fstream> 
#include <string> 
int main() { 

// Open a file for reading 


std ifstream inputFile("example.txt"); 


// Check if the file is open 
if (!inputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Read data from the file 
std string line; 
while (std getline(inputFile, line)) { 


std cout << line << std endl; 


// Close the file (optional, as it will be closed when the stream goes out of scope) 


inputFile.close(); 


return 0; 


2. Writing to a File (std ofstream) 


To write to a file, use an instance of std ofstream 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for writing 


std ofstream outputFile("output.txt"); 


// Check if the file is open 
if (!loutputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Write data to the file 
outputFile << "Hello, World!" << std endl; 


outputFile << "This is a new line." << std endl; 


// Close the file (optional, as it will be closed when the stream goes out of scope) 


outputFile.close(); 


return 0; 


3. Appending to a File (std ofstream with std ios app) 


To append data to an existing file, use the std ios app flag 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for appending 


std ofstream outputFile("output.txt", std ios app); 


// Check if the file is open 
if (!outputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Append data to the file 


outputFile << "This line is appended." << std endl; 


// Close the file (optional, as it will be closed when the stream goes out of scope) 


outputFile.close(); 


return 0; 


4. Binary File I/O (std ifstream and std ofstream with std ios binary) 


For binary file I/O, open the streams in binary mode using std ios binary 


#include <iostream> 
#include <fstream> 
int main() { 


// Open a binary file for writing 


std ofstream binaryOutputFile("binary_data.bin", std ios binary); 


// Check if the file is open 
if (!binaryOutputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; // Exit the program with an error code 


// Write binary data to the file 
int data[] = {1, 2, 3, 4, 5}; 


binaryOutputFile.write(reinterpret_cast<char*>(data), sizeof(data)); 


// Close the file (optional, as it will be closed when the stream goes out of scope) 


binaryOutputFile.close(); 


return 0; 


File streams in C++ (std ifstream and std ofstream) provide a convenient and flexible way to 
perform file I/O. Always check if the file is open after attempting to open it and close the file 
when you're done. For binary file I/O, use the std ios binary flag. The file streams 
automatically handle resource management, making file I/O in C++ straightforward and 
efficient. 


8.1.2 Text and Binary Files 


File handling in C++ allows you to work with both text and binary files. Here's how you can 
perform reading from and writing to both types of files 


1. Text File 1/0 


For reading and writing text files, you can use the standard file stream classes std ifstream and 
std ofstream. The data is treated as plain text. 


Reading from a Text File 


#include <iostream> 
#include <fstream> 
#include <string> 
int main() { 
// Open a text file for reading 


std ifstream inputFile("text_file.txt"); 


if (!inputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; 


// Read data from the text file 
std string line; 
while (std getline(inputFile, line)) { 


std cout << line << std endl; 


// Close the file (optional) 


inputFile.close(); 


return 0; 


} 


Writing to a Text File 


#include <iostream> 
#include <fstream> 
int main() { 


// Open a text file for writing 


std ofstream outputFile("text_output.txt"); 


if (!outputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; 


// Write data to the text file 
outputFile << "Hello, World!" << std endl; 


outputFile << "This is a new line." << std endl; 


// Close the file (optional) 


outputFile.close(); 


return 0; 


2. Binary File I/O 


For binary file I/O, you can also use std ifstream and std ofstream, but you need to open the 
streams in binary mode using std ios binary. Binary files allow you to store and read raw 
binary data. 


Reading from a Binary File 


#include <iostream> 
#include <fstream> 
struct Data { 

int value; 


double doubleValue; 
}; 


int main() { 


// Open a binary file for reading 


std ifstream binaryInputFile("binary_file.bin", std ios binary); 


if (!binaryInputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; 


// Read binary data from the file 
Data data; 


binaryInputFile.read(reinterpret_cast<char*>(&data), sizeof(Data)); 


// Close the file (optional) 


binaryInputFile.close(); 


// Use the read data 


std cout << "Read data " << data.value <<", " << data.doubleValue << std endl]; 


return 0; 


Writing to a Binary File 


#include <iostream> 


#include <fstream> 


struct Data { 
int value; 


double doubleValue; 
ji 


int main() { 
// Open a binary file for writing 


std ofstream binaryOutputFile("binary_output.bin", std ios binary); 


if (!binaryOutputFile.is_open()) { 
std cerr << "Error opening file!" << std endl; 


return 1; 


// Write binary data to the file 
Data data = {42, 3.14}; 


binaryOutputFile.write(reinterpret_cast<char*>(&data), sizeof(Data)); 


// Close the file (optional) 


binaryOutputFile.close(); 


return 0; 


File handling in C++ allows you to work with both text and binary files using std ifstream and 
std ofstream. When dealing with binary files, remember to open the file streams in binary 
mode using std ios binary. Reading and writing binary files are useful when dealing with non- 
textual data, such as images or structured binary data. Always ensure proper error handling 
and close the files when you're done working with them. 


8.2 File Handling Operations 


File handling in C++ involves various operations, including opening, reading, writing, and 
closing files. Here's an overview of common file handling operations in C++ 


1. Opening a File 


To perform file operations, you need to open a file using file stream classes like std ifstream 
(for reading), std ofstream (for writing), or std fstream (for both reading and writing). The 
open method is used for this purpose. 


#include <fstream> 
int main() { 
// Opening a file for reading 


std ifstream inputFile("example.txt"); 


// Opening a file for writing 


std ofstream outputFile("output.txt"); 


// Opening a file for both reading and writing 


std fstream fileStream("data.txt", std ios in| std ios out); 


// Check if the file is open 
if (!inputFile.is_open() || !outputFile.is_open() || !fileStream.is_open()) { 
// Handle error 


ie 

// Close the files when done 
inputFile.close(); 
outputFile.close(); 


fileStream.close(); 


return 0; 


2. Checking if a File is Open 


Always check whether a file has been successfully opened before performing operations on it. 


std ifstream inputFile("example.txt"); 


if (inputFile.is_open()) { 

// File is open, perform operations 
\ else { 

// Error opening the file 


3. Reading from a File 


Use the >> operator for formatted input and getline for reading lines. 


#include <iostream> 
#include <fstream> 
#include <string> 
int main() { 


std ifstream inputFile("example.txt"); 


if (inputFile.is_open()) { 
int num; 
inputFile >> num; // Read an integer 


std cout << "Read number "<< num << std endl; 
std string line; 
std getline(inputFile, line); // Read a line 
std cout << "Read line "<< line << std endl; 
\ else { 
// Handle error 


inputFile.close(); 


return 0; 


4. Writing to a File 


Use the << operator for formatted output. 


#include <iostream> 
#include <fstream> 
int main() { 


std ofstream outputFile("output.txt"); 


if (outputFile.is_open()) { 
int num = 42; 


outputFile << "This isa number "<< num << std endl; 


Ves 


\ else { 
// Handle error 


outputFile.close(); 


return 0; 


5. Moving the File Pointer 


For std fstream, you can use the seekg and seekp methods to move the file pointer to a specific 
position. 


#include <iostream> 
#include <fstream> 


int main() { 


std fstream fileStream("data.txt", std ios in| std ios out); 


if (fileStream.is_open()) { 
// Move the file pointer to the 10th byte from the beginning 


fileStream.seekg(10, std ios beg); 


Ve 


\ else { 
// Handle error 


fileStream.close(); 


return 0; 


6. Checking the End of File 


The eof method checks whether the end of the file has been reached. 


#include <iostream> 
#include <fstream> 
int main() { 


std ifstream inputFile("example.txt"); 


if (inputFile.is_open()) { 
while (!inputFile.eof()) { 
// Read data 
} 
}else { 
// Handle error 


inputFile.close(); 


return 0; 


7. Closing a File 


Always close a file after performing operations on it to release resources. 


std ifstream inputFile("example.txt"); 


io 


inputFile.close(); 


File handling in C++ involves a series of operations like opening, reading, writing, moving the 
file pointer, checking for the end of the file, and closing the file. Always check if a file is 
successfully opened before performing operations, and close the file when done to avoid 
resource leaks. Use different file stream classes (std ifstream, std ofstream, std fstream) 
based on the type of operations you need to perform. 


8.2.1 Opening and Closing Files 


In C++, opening and closing files are fundamental operations in file handling. Here's how you 
can perform these operations using file stream classes 


1. Opening a File 


To open a file, you can use file stream classes such as std ifstream (for reading), std ofstream 
(for writing), or std fstream (for both reading and writing). The open method is used to 
associate a file with the file stream object. 


Example - Opening a File for Reading 


#include <iostream> 


#include <fstream> 
int main() { 
// Open a file for reading 


std ifstream inputFile("example.txt"); 


// Check if the file is open 
if (inputFile.is_open()) { 
// File opened successfully 


std cout << "File opened for reading." << std endl; 


// Perform operations on the file 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
inputFile.close(); 

\ else { 
// Handle error Unable to open the file 


std cerr << "Error opening file for reading!" << std endl; 


return 0; 


Example - Opening a File for Writing 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for writing 


std ofstream outputFile("output.txt"); 


// Check if the file is open 


if (outputFile.is_open()) { 
// File opened successfully 


std cout << "File opened for writing." << std endl; 


// Perform operations on the file 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
outputFile.close(); 

\ else { 
// Handle error Unable to open the file 


std cerr << "Error opening file for writing!" << std endl; 


return 0; 


Example - Opening a File for Both Reading and Writing 


#include <iostream> 
#include <fstream> 
int main() { 
// Open a file for both reading and writing 


std fstream fileStream("data.txt", std ios in| std ios out); 


// Check if the file is open 
if (fileStream.is_open()) { 
// File opened successfully 


std cout << "File opened for reading and writing." << std endl; 


// Perform operations on the file 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
fileStream.close(); 

\ else { 
// Handle error Unable to open the file 


std cerr << "Error opening file for reading and writing!" << std endl; 


return 0; 


2. Closing a File 


Closing a file is important to release system resources associated with the file. However, file 
streams will automatically close the file when they go out of scope. 


Example - Closing a File Explicitly 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for reading 


std ifstream inputFile("example.txt"); 


// Check if the file is open 
if (inputFile.is_open()) { 
// File opened successfully 


std cout << "File opened for reading." << std endl; 


// Perform operations on the file 


// Close the file explicitly 


inputFile.close(); 


\ else { 


// Handle error Unable to open the file 


std cerr << "Error opening file for reading!" << std endl; 


// inputFile goes out of scope, and the file is closed automatically 


return 0; 


Opening and closing files in C++ involve using file stream classes (std ifstream, std ofstream, 
std fstream). Always check if the file is successfully opened before performing operations on it, 
and close the file when done to avoid resource leaks. Automatic file closure occurs when the 
file stream object goes out of scope. Proper error handling is crucial when dealing with file 
operations. 


8.2.2 Error Handling 


Error handling is crucial when working with files in C++. Here's how you can handle errors 
during file handling operations 


1. Checking for Errors 


File stream classes in C++ provide the is_open method to check if a file has been successfully 
opened. Additionally, you can use the fail method to check if a file operation has failed. 


Example - Checking for Errors during Opening 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for reading 


std ifstream inputFile("example.txt"); 


// Check if the file is open 


if (inputFile.is_open()) { 
// File opened successfully 


std cout << "File opened for reading." << std endl; 


// Perform operations on the file 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
inputFile.close(); 

\ else { 
// Handle error Unable to open the file 


std cerr << "Error opening file for reading!" << std endl; 


return 0; 


2. Handling Read/Write Errors 


When performing read or write operations, it's important to check if the operation was 
successful using the fail method. 


Example - Handling Read/Write Errors 


#include <iostream> 
#include <fstream> 
int main() { 

// Open a file for writing 


std ofstream outputFile("output.txt"); 


// Check if the file is open 
if (outputFile.is_open()) { 
// File opened successfully 


std cout << "File opened for writing." << std endl; 


// Perform write operation 


outputFile << "Hello, World!" << std endl; 


// Check if the write operation was successful 
if (outputFile.fail()) { 
// Handle write error 


std cerr << "Error writing to file!" << std endl; 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
outputFile.close(); 

\ else { 
// Handle error Unable to open the file 


std cerr << "Error opening file for writing!" << std endl; 


return 0; 


3. Handling File Opening Errors in std fstream 


When using std fstream, you can also check for opening errors by examining the stream's 
state. 


Example - Handling File Opening Errors in std fstream 


#include <iostream> 


#include <fstream> 


int main() { 
// Open a file for both reading and writing 


std fstream fileStream("data.txt", std ios in| std ios out); 


// Check if the file is open 
if (fileStream.is_open()) { 
// File opened successfully 


std cout << "File opened for reading and writing." << std endl; 


// Perform operations on the file 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
fileStream.close(); 

\ else { 
// Handle error Unable to open the file 


std cerr << "Error opening file for reading and writing!" << std endl; 


return 0; 


4. Exception Handling 


You can use exception handling to catch and handle errors during file operations. This involves 
wrapping file-related code in a try block and catching exceptions in a catch block. 


Example - Using Exception Handling 


#include <iostream> 
#include <fstream> 
#include <stdexcept> 
int main() { 
try { 
// Open a file for reading 


std ifstream inputFile("example.txt"); 


// Check if the file is open 
if (!inputFile.is_open()) { 
// Throw an exception if the file cannot be opened 


throw std runtime_error("Error opening file for reading!"); 


// Perform operations on the file 


// Close the file (optional, as it will be closed when the stream goes out of scope) 
inputFile.close(); 

}\ catch (const std exception& e) { 
// Handle the exception 


std cerr << "Exception " << e.what() << std endl; 


return 0; 


Error handling during file operations in C++ involves checking the state of file streams and 
handling errors appropriately. Use the is_open method to check if a file is successfully opened, 
and the fail method for read/write errors. Exception handling can be used for more advanced 
error management. Proper error handling is essential for robust file handling in C++. 


Chapter 9 Exception Handling 


Develop robust and resilient code with the principles of exception handling. Understand how 
to catch and throw exceptions, ensuring your programs gracefully handle unexpected 
situations. 


9.1 Basics of Exception Handling 


Exception handling is a mechanism in C++ that allows you to deal with runtime errors in a 
controlled manner. It involves the use of try, catch, throw, and finally blocks. Here are the 
basics of exception handling in C++ 


1. Try Block 


A try block contains the code that may throw an exception. It is followed by one or more catch 
blocks. 


try { 


// Code that may throw an exception 
\ catch (ExceptionTypel ex1) { 

// Handle ExceptionType1 
\ catch (ExceptionType2 ex2) { 

// Handle ExceptionType2 
\ catch (...) { 


// Handle other exceptions 


2. Throw Statement 


The throw statement is used to throw an exception explicitly. It can throw any type of object, 
including fundamental types, pointers, or class objects. 


int divide(int numerator, int denominator) { 
if (denominator == 0) { 
throw std runtime_error("Division by zero"); 


} 


return numerator / denominator; 


3. Catch Blocks 


catch blocks follow the try block and are used to handle specific types of exceptions. If an 
exception occurs, the appropriate catch block is executed. 


try { 


// Code that may throw an exception 
\ catch (std runtime_error& ex) { 


// Handle runtime_error 


std cerr << "Exception "<< ex.what() << std endl; 
\ catch (int error) { 

// Handle integer error code 

std cerr << "Error code " << error << std endl; 
\ catch (...) { 

// Handle other exceptions 


std cerr << "Unknown exception occurred" << std endl; 


4. Exception Types 


Exceptions can be of any type, including fundamental types, pointers, or user-defined types. It 
is common to use std exception or its derived classes for handling exceptions. 


#include <stdexcept> 


void exampleFunction() { 


throw std runtime_error("An example exception"); 


5. Finally Block (Not Explicitly in C++) 


C++ does not have a finally block like some other languages. However, you can use destructors 
and resource management techniques to achieve similar functionality. 


Example 


#include <iostream> 
#include <stdexcept> 
int main() { 
try { 
// Code that may throw an exception 
int result = divide(10, 0); 


std cout << "Result "<< result << std endl; 


\ catch (std runtime_error& ex) { 

// Handle runtime_error 

std cerr << "Exception " << ex.what() << std endl; 
\ catch (...) { 

// Handle other exceptions 


std cerr << "Unknown exception occurred" << std endl; 


return 0; 


} 


In this example, the divide function may throw a std runtime_error if the denominator is zero. 
The catch block then handles this specific exception. Exception handling in C++ provides a 
mechanism to gracefully handle errors during runtime. The try, catch, and throw statements 
allow you to write code that can detect and respond to exceptional conditions. It is essential for 
writing robust and fault-tolerant programs. 


9.1.1 try, catch, and throw 


Exception handling in C++ involves the use of try, catch, and throw blocks to manage and 
handle runtime errors in a controlled manner. Here's a basic overview of these components 


1. try Block 


The try block encloses the code that might throw an exception. It is followed by one or more 
catch blocks that handle different types of exceptions. 


try { 


// Code that may throw an exception 
\ catch (ExceptionTypel ex1) { 

// Handle ExceptionType1 
\ catch (ExceptionType2 ex2) { 

// Handle ExceptionType2 
\ catch (...) { 


// Handle other exceptions 


2. catch Blocks 


catch blocks follow the try block and are used to catch and handle exceptions. Each catch block 
specifies the type of exception it can handle. 


try { 


// Code that may throw an exception 
\ catch (std runtime_error& ex) { 

// Handle runtime_error 

std cerr << "Exception "<< ex.what() << std endl; 
\ catch (int error) { 

// Handle integer error code 

std cerr << "Error code " << error << std endl; 
\ catch (...) { 

// Handle other exceptions 


std cerr << "Unknown exception occurred" << std endl; 


3. throw Statement 


The throw statement is used to explicitly throw an exception. It can throw any type of object, 
including fundamental types, pointers, or class objects. 


int divide(int numerator, int denominator) { 
if (denominator == 0) { 
throw std runtime_error("Division by zero"); 


} 


return numerator / denominator; 


Example 


#include <iostream> 
#include <stdexcept> 
int main() { 
try { 
// Code that may throw an exception 
int result = divide(10, 0); 
std cout << "Result "<< result << std endl; 
\ catch (std runtime_error& ex) { 
// Handle runtime_error 
std cerr << "Exception " << ex.what() << std endl; 
\ catch (...) { 
// Handle other exceptions 


std cerr << "Unknown exception occurred" << std endl; 


return 0; 


In this example, the divide function may throw a std runtime_error if the denominator is zero. 
The catch block then handles this specific exception. The catch (...) block is a catch-all for any 
other types of exceptions. 


try Encloses the code that may throw an exception. catch Follows the try block and handles 
specific types of exceptions. throw Explicitly throws an exception. Exception handling 
provides a structured way to deal with errors during runtime, improving program robustness 
and maintainability. Always handle exceptions appropriately to ensure a graceful response to 
unexpected situations. 


9.1.2 Standard Exception Classes 


In C++, the Standard Library provides a set of standard exception classes that you can use for 
various types of errors. These classes are part of the <stdexcept> header. Here are some 
commonly used standard exception classes 


1.std exception 


The base class for all standard C++ exceptions. It provides a what() method that returns a C- 
style string describing the exception. 


#include <stdexcept> 
try { 

// Code that may throw an exception 
\ catch (const std exception& ex) { 

// Handle any standard exception 


std cerr << "Exception "<< ex.what() << std endl; 


2. std runtime_error 


Derived from std exception, this class is used to report runtime errors that can be detected 
during program execution. 


#include <stdexcept> 
try { 

// Code that may throw a runtime_error 
\ catch (const std runtime_error& ex) { 

// Handle runtime error 


std cerr << "Runtime Error " << ex.what() << std endl; 


3. std logic_error 


Also derived from std exception, this class is used to report errors that are the result of a bug 
in the program logic. 


#include <stdexcept> 
try { 

// Code that may throw a logic_error 
\ catch (const std logic_error& ex) { 


// Handle logic error 


std cerr << "Logic Error "<< ex.what() << std endl; 


4. std invalid_argument 


A specific type of std logic_error that is thrown when an invalid argument is passed to a 
function. 


#include <stdexcept> 
try { 

// Code that may throw an invalid_argument 
} catch (const std invalid_argument& ex) { 

// Handle invalid argument error 


std cerr << "Invalid Argument " << ex.what() << std endl; 


5. std out_of_range 


Another type of std logic_error that is thrown when an attempt is made to access an element 
outside the allowed range. 


#include <stdexcept> 
try { 

// Code that may throw an out_of_range 
\ catch (const std out_of_range& ex) { 

// Handle out of range error 


std cerr << "Out of Range " << ex.what() << std endl; 


Example 


#include <iostream> 


#include <stdexcept> 


double calculateAverage(const std vector<int>& numbers) { 


if (numbers.empty()) { 


throw std invalid_argument("Empty vector, cannot calculate average"); 


int sum = 0; 
for (intnum numbers) { 


sum += num; 


return static_cast<double>(sum) / numbers.size(); 


int main() { 
try { 
std vector<int> emptyVector; 
double average = calculateAverage(emptyVector); 
std cout << "Average "<< average << std end]; 
} catch (const std exception& ex) { 


std cerr << "Exception " << ex.what() << std endl; 


return 0; 


In this example, the calculateAverage function may throw an std invalid_argument if the input 
vector is empty. The catch block then handles this specific exception. Standard exception 
classes in C++ provide a consistent way to report and handle different types of errors. By using 
these classes, you can catch specific types of exceptions and handle them appropriately, 
improving the clarity and maintainability of your code. 


9.2 Custom Exception Classes 


In C++, you can create custom exception classes to represent specific types of errors in your 
programs. This allows you to handle different types of errors in a more structured and 
meaningful way. Here's how you can define and use custom exception classes 


Creating Custom Exception Classes 


To create a custom exception class, you typically derive it from the std exception class. You can 
add your own members or methods to provide additional information about the exception. 


#include <iostream> 

#include <stdexcept> 

class CustomException public std exception { 
public 


CustomException(const char* message) errorMessage(message) {} 


const char* what() const noexcept override { 


return errorMessage.c_str(); 


private 


std string errorMessage; 


ji 


In this example, CustomException is derived from std exception, and it has a constructor that 
takes an error message. 


Throwing Custom Exceptions 


You can throw instances of your custom exception class using the throw statement. 


#include <iostream> 
void exampleFunction(int value) { 
if (value < 0) { 


throw CustomException("Negative values are not allowed"); 


// Rest of the function 


Handling Custom Exceptions 


You can catch and handle custom exceptions in a catch block just like you do with standard 
exceptions. 


int main() { 
try { 
exampleFunction(-5); 
\ catch (const CustomException& ex) { 


std cerr << "Custom Exception "<< ex.what() << std endl; 


return 0; 


Full Example 


#include <iostream> 

#include <stdexcept> 

class CustomException public std exception { 
public 


CustomException(const char* message) errorMessage(message) {} 


const char* what() const noexcept override { 


return errorMessage.c_str(); 


private 


std string errorMessage; 


}; 


void exampleFunction(int value) { 
if (value < 0) { 
throw CustomException("Negative values are not allowed"); 


} 


// Rest of the function 


int main() { 
try { 
exampleFunction(-5); 
\ catch (const CustomException& ex) { 


std cerr << "Custom Exception "<< ex.what() << std endl; 


return 0; 


In this full example, the exampleFunction throws a CustomException when it receives a 
negative value. The main function catches this custom exception and prints the error message. 
Creating custom exception classes allows you to add specificity to your error handling. You can 
provide more information about the nature of the error and create a more structured approach 
to handling different types of exceptions in your program. This can lead to more maintainable 
and readable code, especially in larger projects. 


9.2.1 Creating Custom Exceptions 


Creating custom exception classes in C++ involves defining a new class that inherits from the 
std exception class. Here's a step-by-step guide on how to create and use custom exception 
classes 


1. Include Necessary Headers 


Make sure to include the necessary headers for exception handling and string manipulation. 


#include <iostream> 
#include <stdexcept> 


#include <string> 


2. Define the Custom Exception Class 


Create a new class that inherits from std exception. You can add additional members or 
methods to provide more information about the exception. 


class CustomException public std exception { 
public 
// Constructor that takes an error message 


CustomException(const std string& message) errorMessage(message) {} 


// Override the what() method to provide the error message 
const char* what() const noexcept override { 


return errorMessage.c_str(); 


private 


std string errorMessage; 


}; 


In this example, the CustomException class has a constructor that takes an error message and 
an overridden what() method to retrieve the error message. 


3. Throwing Custom Exceptions 


In your code, throw an instance of your custom exception when an exceptional situation 
occurs. 


void exampleFunction(int value) { 
if (value < 0) { 


throw CustomException("Negative values are not allowed"); 


// Rest of the function 


4. Handling Custom Exceptions 


In the calling code, catch the custom exception and handle it appropriately. 


int main() { 
try { 
exampleFunction(-5); 
\ catch (const CustomException& ex) { 


std cerr << "Custom Exception "<< ex.what() << std endl; 


return 0; 


In the main function, when exampleFunction throws a CustomException, the catch block 
catches it, and the error message is printed. 


Full Example 


#include <iostream> 

#include <stdexcept> 

#include <string> 

class CustomException public std exception { 
public 


CustomException(const std string& message) errorMessage(message) {} 


const char* what() const noexcept override { 


return errorMessage.c_str(); 


private 


std string errorMessage; 


}; 


void exampleFunction(int value) { 
if (value < 0) { 
throw CustomException("Negative values are not allowed"); 


} 


// Rest of the function 


int main() { 
try { 
exampleFunction(-5); 
\ catch (const CustomException& ex) { 


std cerr << "Custom Exception "<< ex.what() << std endl; 


return 0; 


Creating custom exception classes in C++ allows you to add specificity and additional 
information to your exceptions. This can be particularly useful when you want to communicate 
more details about the nature of an error. By following these steps, you can create custom 
exceptions that enhance the clarity and maintainability of your code. 


9.2.2 Best Practices in Exception Handling 


When working with custom exception classes in C++, it's important to follow best practices to 
ensure effective and maintainable exception handling. Here are some best practices 


1. Derive from std runtime_error 


Derive your custom exception classes from std runtime_error or its derived classes. This 
provides a consistent interface and allows you to take advantage of the standard exception 
hierarchy. 


#include <stdexcept> 
class CustomException public std runtime_error { 
public 
CustomException(const std string& message) std runtime_error(message) {} 


i 


2. Include Descriptive Error Messages 


Include descriptive error messages in your custom exception classes. This helps developers 
understand the nature of the exception without inspecting the code. 


class CustomException public std runtime_error { 
public 


CustomException(const std string& message) std runtime_error("CustomException "+ 
message) {} 


}; 


3. Use Specific Exception Types 


Create specific custom exception classes for different types of errors. This allows for more 
granular error handling in the calling code. 


class NegativeValueException public std runtime_error { 
public 
NegativeValueException() std runtime_error("Negative values are not allowed") {} 


i 


void exampleFunction(int value) { 
if (value < 0) { 


throw NegativeValueException(); 


// Rest of the function 


4. Catch by Reference 


Always catch exceptions by reference (preferably const reference) to avoid object slicing and 
ensure proper exception handling. 


try { 


// Code that may throw an exception 
\ catch (const CustomException& ex) { 


// Handle the custom exception 


5. Handle Specific Exceptions First 


When catching multiple types of exceptions, handle the most specific ones first before more 
general ones. This ensures that the appropriate catch block is executed. 


try { 
// Code that may throw exceptions 


\ catch (const CustomException& ex) { 
// Handle the custom exception 
\ catch (const std exception& ex) { 


// Handle other exceptions 


6. Provide Adequate Context in Exception Messages 


Include context information in your exception messages to help diagnose the cause of the 
error. 


class FilelOException public std runtime_error { 


public 


FilelOException(const std string& fileName) std runtime_error("File IO error for file " + 
fileName) {} 


7. Avoid Silent Swallowing of Exceptions 


Avoid catching exceptions without taking any action. If you catch an exception and don't handle 
it or log it, it might lead to silent failures. 


try { 


// Code that may throw an exception 
\ catch (const CustomException& ex) { 
// Log the exception or rethrow it if appropriate 
std cerr << "Caught exception "<< ex.what() << std endl; 


throw; // Re-throw the exception to propagate it further 


8. Use RAII for Resource Management 


Utilize RAII (Resource Acquisition Is Initialization) principles to manage resources, and let 
destructors handle resource cleanup in case of exceptions. 


class ScopedFile { 
public 
ScopedFile(const std string& fileName) file(fileName) { 
if (!file.is_open()) { 


throw FilelOException(fileName); 


~ScopedFile() { 
// Destructor takes care of closing the file 


file.close(); 


private 


std ifstream file; 


ii 


By following these best practices, you can create more robust and maintainable exception 
handling with custom exception classes in C++. Well-designed exception handling enhances the 
readability and reliability of your code, making it easier to diagnose and resolve issues. 


Chapter 10 Standard Template Library (STL) 


Enter the world of the Standard Template Library (STL). Discover a rich collection of 
containers, algorithms, and iterators that can significantly simplify and enhance your C++ 
programming experience. 


10.1 Introduction to STL 


The Standard Template Library (STL) is a powerful set of C++ template classes to provide 
general-purpose classes and functions with templates that implement many popular and 
commonly used algorithms and data structures like vectors, lists, queues, and stacks. 


Key Components of STL 


1. Containers 


Containers are objects that store data. STL provides various types of containers, such as 
vectors, lists, queues, stacks, and maps. These containers are implemented as template classes. 


Vector Dynamic array that can grow or shrink in size. 
#include <vector> 


std vector<int> myVector = {1, 2, 3, 4, 5}; 


List Doubly linked list. 
#include <list> 


std list<int> myList = {1, 2, 3, 4, 5}; 


Queue FIFO (First In, First Out) data structure. 
#include <queue> 


std queue<int> myQueue; 


Stack LIFO (Last In, First Out) data structure. 
#include <stack> 


std stack<int> myStack; 


2. Algorithms 


STL provides a rich set of algorithms that operate on containers. These algorithms can perform 
various operations like sorting, searching, and manipulating elements in a container. 


Sort 
#include <algorithm> 


std sort(myVector.begin(), myVector.end()); 


Find 
#include <algorithm> 


auto it = std find(myList.begin(), myList.end(), 3); 


Transform 
#include <algorithm> 


std transform(myVector.begin(), myVector.end(), myVector.begin(), [|(int x) { return x * 2; }); 


3. Iterators 


Iterators provide a way to access elements of a container. They are used to traverse the 
elements of a container and perform operations on them. 


Begin and End 
auto it = myVector.begin(); // Iterator pointing to the beginning 


auto end = myVector.end(); // Iterator pointing to the end 


Advance Iterator 


std advance(it, 2); // Move iterator forward by 2 positions 


4. Function Objects (Functors) 


Function objects are objects that can be called as if they were functions. They are used in 
algorithms to define custom behavior. 


Lambda Expressions 


auto add = [](int x, int y) { return x + y; }; 


std function 
#include <functional> 


std function<int(int, int)> add = [](int x, int y) { return x + y; }; 


Example 


#include <iostream> 
#include <vector> 
#include <algorithm> 
int main() { 
// Create a vector of integers 


std vector<int> numbers = {5, 2, 8, 1, 3}; 


// Sort the vector 


std sort(numbers.begin(), numbers.end()); 


// Print the sorted vector 
for (intnum numbers) { 


std cout << num <<""; 


return 0; 


In this example, the std sort algorithm is used to sort a vector of integers. The Standard 
Template Library (STL) is a powerful and widely used part of C++. It provides a collection of 
template classes and functions that implement many common algorithms and data structures. 
Understanding and leveraging the capabilities of the STL can significantly simplify and enhance 
C++ programming. 


10.1.1 Containers 


In the Standard Template Library (STL) of C++, containers play a fundamental role. Containers 
are objects that store and manage collections of other objects. They provide a way to group and 
organize data in a structured manner. STL containers are template classes, allowing them to 
work with various data types. 


Here are some of the commonly used STL containers 


1. Vector 


The std vector is a dynamic array that can grow or shrink in size. It provides fast access to 
elements and dynamic resizing. 


#include <vector> 


std vector<int> myVector = {1, 2, 3, 4, 5}; 


2. List 


The std list is a doubly linked list. It allows for efficient insertion and deletion of elements at 
any position. 


#include <list> 


std list<int> myList = {1, 2, 3, 4, 5}; 


3. Deque 


The std deque (double-ended queue) is a dynamic array that can be efficiently expanded or 
contracted on both ends. 


#include <deque> 


std deque<int> myDeque = {1, 2, 3, 4, 5}; 


4. Queue 


The std queue is a queue data structure that follows the First In, First Out (FIFO) principle. 


#include <queue> 


std queue<int> myQueue; 


5. Stack 


The std stack is a stack data structure that follows the Last In, First Out (LIFO) principle. 


#include <stack> 


std stack<int> myStack; 


6. Set 


The std set is an associative container that stores unique elements in sorted order. 


#include <set> 


std set<int> mySet = {5, 2, 8, 1, 3}; 


7. Map 


The std map is an associative container that stores key-value pairs in sorted order based on 
the key. 


#include <map> 


std map<std string, int> myMap = {{"one", 1}, {"two", 2}, {"three", 3}}; 


8. Unordered Set and Map 


The std unordered_set and std unordered_map provide similar functionality as std set and std 
map, but without the requirement of sorted order. 


#include <unordered_set> 


#include <unordered_map> 


std unordered_set<int> myUnorderedSet = {5, 2, 8, 1, 3}; 


std unordered_map<std string, int> myUnorderedMap = {{"one", 1}, {"two", 2}, {"three", 3}}; 


9. Iterator 


Iterators are not containers themselves but are used to traverse through elements in 
containers. They provide a uniform way to access elements in various types of containers. 


std vector<int> iterator it = myVector.begin(); 


10. Other Containers 


STL provides additional containers such as std multiset, std multimap, std bitset, std 
valarray, and more. 


Example 


#include <iostream> 
#include <vector> 
#include <set> 
int main() { 
// Create a vector and a set 
std vector<int> numbers = {5, 2, 8, 1, 3}; 


std set<int> uniqueNumbers(numbers.begin(), numbers.end()); 


// Print the elements in the vector 
std cout << "Vector "; 
for (intnum numbers) { 


std cout << num <<""; 


// Print the elements in the set 
std cout << "\nSet "; 


for (intnum uniqueNumbers) { 


std cout << num <<""; 


return 0; 


In this example, a std vector is used to store a collection of integers, and astd set is used to 
store unique elements from the vector. STL containers provide a versatile set of tools for 
managing and manipulating data in C++. Understanding the characteristics and use cases of 
different containers is essential for effective programming with the STL. 


10.1.2 Algorithms 


The Standard Template Library (STL) in C++ includes a comprehensive set of algorithms that 
operate on containers. These algorithms provide efficient and generic solutions for common 
tasks such as sorting, searching, and modifying elements in containers. The algorithms are 
designed to work seamlessly with various container types, making them a powerful tool for 
C++ programmers. 


Here are some commonly used STL algorithms 


1. Sort 


The std sort algorithm arranges the elements in a specified range in ascending order. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {5, 2, 8, 1, 3}; 


std sort(numbers.begin(), numbers.end()); 


2. Find 


The std find algorithm searches for a specific value in a range and returns an iterator to the 
first occurrence. 


#include <algorithm> 


#include <vector> 
std vector<int> numbers = {5, 2, 8, 1, 3}; 


auto it = std find(numbers.begin(), numbers.end(), 8); 


3. Transform 


The std transform algorithm applies a specified operation to each element in a range and 
stores the result in another range. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {1, 2, 3, 4, 5}; 


std transform(numbers.begin(), numbers.end(), numbers.begin(), [](int x) { return x * 2; }); 


4. ForEach 


The std for_each algorithm applies a specified function to each element in a range. 


#include <algorithm> 

#include <vector> 

#include <iostream> 

std vector<int> numbers = {1, 2, 3, 4, 5}; 


std for_each(numbers.begin(), numbers.end(), [|(int x) {std cout << x <<"";}); 


5. Remove 


The std remove algorithm removes elements with a specific value from a range, and it doesn't 
actually erase the elements. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {1, 2, 3, 2, 4, 2, 5}; 


auto newEnd = std remove(numbers.begin(), numbers.end(), 2); 


6. Erase-Remove Idiom 


The erase-remove idiom is often used in combination with std remove to remove elements 
from a container. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {1, 2, 3, 2, 4, 2, 5}; 


numbers.erase(std remove(numbers.begin(), numbers.end(), 2), numbers.end()); 


7. Binary Search 


The std binary_search algorithm checks if a value exists in a sorted range. 


#include <algorithm> 
#include <vector> 
std vector<int> sortedNumbers = {1, 2, 3, 4, 5}; 


bool found = std binary_search(sortedNumbers.begin(), sortedNumbers.end(), 3); 


8. Reverse 


The std reverse algorithm reverses the order of elements in a range. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {1, 2, 3, 4, 5}; 


std reverse(numbers.begin(), numbers.end()); 


9. Max and Min 


The std maxand std min algorithms return the maximum and minimum elements in a range, 
respectively. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {1, 2, 3, 4, 5}; 


int maxValue = *std max_element(numbers.begin(), numbers.end()); 


int minValue = *std min_element(numbers.begin(), numbers.end()); 


10. Count 


The std count algorithm counts the number of occurrences of a value in a range. 


#include <algorithm> 
#include <vector> 
std vector<int> numbers = {1, 2, 3, 2, 4, 2, 5}; 


int count = std count(numbers.begin(), numbers.end(), 2); 


These are just a few examples of the many algorithms provided by the STL. The STL algorithms 
are powerful and flexible, making them a valuable tool for C++ developers. They can be applied 
to a variety of container types, promoting code reuse and maintainability. 


10.1.3 Iterators 


Iterators in the Standard Template Library (STL) are objects that provide a way to access 
elements in a container, allowing traversal through the elements of a sequence. Iterators 
abstract the underlying details of container traversal and provide a uniform interface for 
working with different types of containers. They play a crucial role in the design and 
implementation of many STL algorithms. 


Here are some key concepts related to iterators in STL 


1. Iterator Categories 


STL defines several iterator categories, each with different capabilities and requirements. The 
main iterator categories are 


Input Iterators: Supports reading values from the pointed-to element. 
Output Iterators: Supports writing values to the pointed-to element. 
Forward Iterators: Supports both reading and writing, with the ability to move forward. 


Bidirectional Iterators: Supports reading, writing, and moving both forward and backward. 


Random Access Iterators: Supports all operations of bidirectional iterators and provides 
constant-time access to any element in the sequence. 


Iterator categories define the set of operations that can be performed on iterators of that 
category. 


2. Iterator Traits 


The std::iterator_traits template class provides a way to obtain information about the 
capabilities of an iterator. It includes information such as the iterator category and the value 


type. 


#include <iterator> 
std::iterator_traits<std::vector<int>::iterator>::iterator_category; 


std::iterator_traits<std::vector<int>::iterator>::value_type; 


3. Iterator Functions: 


STL algorithms and functions often use iterators to define ranges for operations. Common 
iterator-related functions include: 


begin() and end(): Return iterators pointing to the beginning and end of a container. 


std::vector<int> numbers = {1, 2, 3, 4, 5}; 
auto beginIterator = numbers.begin(); 
auto endIterator = numbers.end(); 


advance(): Move an iterator by a specified number of positions. 
std::vector<int>::iterator it = numbers.begin(); 
std::advance(it, 2); 


distance(): Calculate the number of elements between two iterators. 


int distance = std::distance(numbers.begin(), numbers.end()); 


4. Iterator Types: 


STL provides several types of iterators, including: 


begin() and end() Iterators: Obtained using the begin() and end() functions of a container. 


std::vector<int> numbers = {1, 2, 3, 4, 5}; 
auto beginIterator = numbers.begin(); 
auto endIterator = numbers.end(); 


Reverse Iterators: Created using the std::reverse_iterator class template. 


std::vector<int> numbers = {1, 2, 3, 4, 5}; 
auto rBeginIterator = std::rbegin(numbers); 
auto rEndIterator = std::rend(numbers); 


Insert Iterators: Used to insert elements into a container. 


#include <iterator> 
std::vector<int> numbers = {1, 2, 3, 4, 5}; 
std::vector<int> newNumbers; 


std::copy(numbers.begin(), numbers.end(), std::back_inserter(newNumbers)); 


5. Iterator Adapters: 


STL provides iterator adapters that transform or modify the behavior of iterators. Examples 
include std::reverse_iterator, std::move_iterator, and std::istream_iterator. 


#include <iterator> 

#include <algorithm> 

#include <vector> 

std::vector<int> numbers = {1, 2, 3, 4, 5}; 


auto rBeginIterator = std::make_reverse_iterator(numbers.end()); 


6. Iterating Over Containers: 


STL provides a convenient range-based for loop for iterating over elements of a container. 


#include <iostream> 
#include <vector> 
int main() { 


std::vector<int> numbers = {1, 2, 3, 4, 5}; 


for (const auto& num : numbers) { 


std::cout << num << ""; 


return 0; 


In this example, the range-based for loop simplifies the process of iterating over the elements 
of the numbers vector. Iterators in the STL provide a powerful and flexible mechanism for 
working with containers. Understanding the different iterator categories, functions, and types 
is essential for effectively using STL algorithms and designing generic, container-agnostic code 
in C++. 


10.2 Common STL Containers 


The Standard Template Library (STL) in C++ provides a variety of containers, each designed 
for specific use cases and requirements. Here are some common STL containers: 


1. std::vector: 
Description: Dynamic array that can grow or shrink in size. 


Header: <vector> 


Example 


#include <vector> 


std::vector<int> myVector = {1, 2, 3, 4, 5}; 


2. std::list: 
Description: Doubly linked list. 


Header: <list> 


Example 
#include <list> 


std::list<int> myList = {1, 2, 3, 4, 5}; 


3. std::deque: 


Description: Double-ended queue, a dynamic array that can be efficiently expanded or 
contracted on both ends. 


Header: <deque> 


Example 
#include <deque> 


std::deque<int> myDeque = {1, 2, 3, 4, 5}; 


4. std::queue: 
Description: Queue data structure (FIFO - First In, First Out). 


Header: <queue> 


Example 
#include <queue> 


std::queue<int> myQueue; 


5. std::stack: 
Description: Stack data structure (LIFO - Last In, First Out). 


Header: <stack> 


Example 
#include <stack> 


std::stack<int> myStack; 


6. std::set: 
Description: Associative container that stores unique elements in sorted order. 


Header: <set> 


Example 
#include <set> 


std::set<int> mySet = {5, 2, 8, 1, 3}; 


7. std::map: 
Description: Associative container that stores key-value pairs in sorted order based on the key. 


Header: <map> 


Example 
#include <map> 


std::map<std::string, int> myMap = {{"one", 1}, {"two", 2}, {"three", 3}}; 


8. std::unordered_set: 
Description: Unordered associative container that stores unique elements without sorting. 


Header: <unordered_set> 
Example 
#include <unordered_set> 


std::unordered_set<int> myUnorderedSet = {5, 2, 8, 1, 3}; 


9. std::unordered_map: 


Description: Unordered associative container that stores key-value pairs without sorting based 
on the key. 


Header: <unordered_map> 


Example 
#include <unordered_map> 


std::unordered_map<std::string, int> myUnorderedMap = {{"one", 1}, {"two", 2}, {"three", 3}}; 


10. std::array: 
Description: Fixed-size array with a known size at compile time. 


Header: <array> 


Example 
#include <array> 


std::array<int, 5> myArray = {1, 2, 3, 4, 5}; 


These are just a few examples of the many containers provided by the STL. Each container has 
specific characteristics and is suitable for different scenarios, allowing C++ programmers to 
choose the right tool for the job. 


10.2.1 Vectors 


Description 


std::vector is a dynamic array that can grow or shrink in size. It provides constant-time access 
to elements and dynamic resizing. Elements are stored in contiguous memory locations. 


Header 


#include <vector> 


Example Usage 


#include <iostream> 


#include <vector> 
int main() { 
// Creating a vector of integers 


std::vector<int> myVector = {1, 2, 3, 4, 5}; 


// Accessing elements 
std::cout << "Vector Elements: "; 
for (int i = 0; i < myVector.size(); ++i) { 


std::cout << myVector[i] <<" "; 


// Adding elements to the end 
myVector.push_back(6); 
myVector.push_back(7); 


// Size and capacity 
std::cout << "\nVector Size: "<< myVector.size(); 


std::cout << "\nVector Capacity: " << myVector.capacity(); 


// \terating using range-based for loop 
std::cout << "\nVector Elements (Range-Based For Loop): "; 
for (const auto& element : myVector) { 


std::cout << element <<""; 


return 0; 


Key Operations 


- Accessing Elements: myVector|index] 


- Adding Elements: myVector.push_back(value) 
- Size: myVector.size() 
- Capacity: myVector.capacity() 


- Iteration: Range-based for loop 


Advantages: 
- Efficient random access to elements. 


- Dynamic resizing as needed. 


Considerations 


Insertions or removals at the beginning or in the middle may be less efficient compared to 
std::list or std::deque. 


Use Cases 


When fast random access and dynamic resizing are needed. Sequential traversal of elements. 
std::vector is a versatile and widely used container in C++, offering a balance between efficient 
access and dynamic resizing. 


10.2.2 Lists 


Description 


std::list is a doubly linked list. Efficient for insertions and removals at any position. No random 
access; access is sequential. 


Header 


#include <list> 


Example Usage: 
#include <iostream> 
#include <list> 


int main() { 


// Creating a list of integers 


std::list<int> myList = {1, 2, 3, 4, 5}; 


// Accessing elements 
std::cout << "List Elements: "; 
for (const auto& element : myList) { 


std::cout << element <<""; 


// Adding elements to the front and back 
myList.push_front(0); 
myList.push_back(6); 


// Size 


std::cout << "\nList Size: " << myList.size(); 


// \terating using iterators 
std::cout << "\nList Elements (Iterator): "; 
for (auto it = myList.begin(); it != myList.end(); ++it) { 


std::cout << *it<<""; 


return 0; 


Key Operations 

- Accessing Elements: Sequential traversal using iterators 
- Adding Elements: 

- Front: myList.push_front(value) 


- Back: myList.push_back(value) 


- Size: myList.size() 


Advantages 
- Efficient for insertions and removals anywhere in the list. 


- No reallocation required. 


Considerations 
-No random access; traversal is required for access. 


-Iterators are invalidated after removal operations. 


Use Cases 
-When frequent insertions or removals are needed at any position. 
-Sequential traversal of elements. 


-std::list is a powerful container for scenarios where efficient insertions and removals at any 
position are a priority, and random access is nota primary requirement. 


10.2.3 Maps 


Description 


std::map is an associative container that stores key-value pairs in sorted order based on the 
key. Each key must be unique. Provides logarithmic time complexity for key-based operations. 


Header 


#include <map> 


Example Usage 
#include <iostream> 
#include <map> 
#include <string> 


int main() { 


// Creating a map of string keys and int values 


std::map<std::string, int> myMap; 


// Inserting key-value pairs 
myMap["one"| = 1; 
myMap["two"| = 2; 


myMap["three"| = 3; 


// Accessing elements 
std::cout << "Map Elements: "; 
for (const auto& pair : myMap) { 


std::cout << "{" << pair.first << "!" << pair.second << "}"; 


// Finding elements 
auto it = myMap.find("two"); 
if (it |= myMap.end()) { 


std::cout << "\nValue of key 'two': " << it->second; 


// Size 


std::cout << "\nMap Size: " << myMap.size(); 


return 0; 


Key Operations: 

-Inserting Elements: myMap|[key] = value or myMap.insert({key, value}) 
-Accessing Elements: myMap[key] or myMap.at(key) 

-Finding Elements: myMap.find(key) 


-Size: myMap.size() 


Advantages 
-Efficient key-based operations with logarithmic time complexity. 


-Automatically maintains sorted order based on keys. 


Considerations 
-Keys must be unique; overwriting an existing key updates its value. 


-Elements are ordered by keys, not insertion order. 


Use Cases 
-When key-based lookups are frequent and sorted order is beneficial. 
-Maintaining a collection of key-value pairs with unique keys. 


-std::map is a versatile container for associating keys with values, providing efficient key-based 
operations and maintaining sorted order based on keys. 
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C++ is an extension of the C programming language. 

C++ supports object-oriented programming (OOP) features. 

In C++, a reference is just another name for a pointer. 

The sizeof operator in C++ returns the size of a data type in bytes. 

C++ supports automatic garbage collection for memory management. 
A function in C++ can return more than one value using multiple return 


std cin is used for input in C++ programs. 

C++ allows the declaration of variables without initializing them. 

A constructor in C++ is a member function with the same name as the class. 
The const keyword in C++ is used to declare constant variables. 

In C++, sizeof(char) is guaranteed to be 1. 

The new operator in C++ is used for dynamic memory allocation. 

C++ supports function overloading, allowing multiple functions with the 


same name but different parameters. 
14. True/False nullptr is a keyword introduced in C++11 for representing null pointers. 


is used to access members of a class. 


16. True/False In C++, the break statement is used to terminate a loop prematurely. 

17. True/False C++ supports multiple inheritance, allowing a class to inherit from more 
than one class. 

18. True/False The static keyword in C++ is used to declare a variable with static duration. 
19. True/False The delete operator is used to deallocate memory allocated with the new 
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C++ supports pass-by-reference using pointers. 

The sizeof operator can be used with expressions, not just data types. 

In C++, the && operator represents the logical AND operator. 

C++ supports the concept of default function arguments. 

A destructor in C++ is called when an object goes out of scope or is explicitly 


The const_cast operator in C++ is used to add const-qualification to a 


26. True/False The try, catch, and throw keywords are used for exception handling in C++. 
27.True/False C++ allows the creation of virtual functions, enabling dynamic 
polymorphism. 

28. True/False The const member function in a class is used to indicate that the function 
does not modify the object. 

29. True/False C++ supports the do-while loop for situations where the loop body should 
be executed at least once. 

30. True/False The ternary conditional operator in C++ is written as condition ? 
true_expression false_expression. 

31. True/False C++ allows the creation of arrays with a variable size determined at 


runtime. 


32. True/False The preprocessor directive #include is used to include the content of 
another file in a C++ program. 

33. True/False C++ supports the goto statement for unconditional jumps in the code. 

34. True/False The typeid operator in C++ can be used to get information about the type of 
an expression. 


35. True/False In C++, the const qualifier can be applied to member functions, indicating 
that they won't modify the object. 

36. True/False C++ supports the creation of anonymous (unnamed) namespaces. 

37. True/False A pure virtual function in C++ is a virtual function without a definition in 
the base class. 

38. True/False The this pointer in C++ is a pointer that points to the current instance of the 
class. 

39. True/False C++ allows the creation of multidimensional arrays using nested square 
brackets. 

40. True/False The const keyword can be used with pointers to indicate that the pointed-to 
data is constant. 

41. True/False The reinterpret_cast operator in C++ is used for type casting between 
unrelated types. 

42.True/False C++ allows the creation of function templates for writing generic functions. 

43.True/False The default keyword in C++ is used to explicitly default a member function 
in a class. 

44. True/False C++ provides the std endl manipulator for inserting a newline character 
and flushing the output stream. 

45. True/False The std vector class in C++ automatically resizes itself when elements are 
added beyond its capacity. 

46. True/False C++ supports the creation of constant pointers to non-constant data. 

47.True/False The std pair class in C++ is used to store a pair of elements, such as key- 
value pairs. 

48. True/False C++ supports the creation of function objects (functors) by overloading the 
function call operator operator(). 

49. True/False The typeid operator in C++ returns a std type_info object that can be 
compared with other type information. 

50. True/False In C++, the constexpr specifier indicates that a variable or function can be 
evaluated at compile time. 


Fill in the blanks questions 


C++ is an extension ofthe___ programming language. 

In C++, a is a user-defined data type that encapsulates data and functions. 

The sizeof operator in C++ returns the size ofa data typein____ 

Dynamic memory allocation in C++ is performed using the ___— and ______ operators. 
The iostream header in C++ is used for operations. 

The new operator in C++ is used to allocate memory on the____ 

To declare a constant variable in C++, the keyword ___is used. 

The scope resolution operator in C++ is denoted by 
9. AC++ function can return multiple values using ___—sparameters. 

10. The switch statement in C++ is used for___ - based conditional branching. 

11. The nullptr keyword in C++ was introduced to represent pointers. 

12. A function in C++ that does not modify the object it is called on is marked with the 
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keyword 

13. The const_cast operator in C++ is used for removing qualifiers. 

14. C++ supports the creation of___ classes by the user. 

15.The___ keyword is used to define a pure virtual function in a C++ class. 

16. C++ supports inheritance, allowing a class to inherit from multiple classes. 

17.The___ operator is used to access members of a class or namespace. 

18.In C++,a___ is anamed region of the program where a variable's visibility is limited. 

19.The___ keyword is used to specify default values for function parameters in C++. 

20.The___ operator in C++ is used for type casting between unrelated types. 

21.InC++,the___—sxkkeyworrd is used to define a constant pointer. 

22.The____ manipulator in C++ is used to insert a newline character and flush the output 
stream. 

23. C++ supports the creation of ____, allowing the programmer to create generic 
functions. 

24.The____ keyword in C++ is used to explicitly default a member function in a class. 

25.The____ operator in C++ returns the address of a variable. 

26.The___ keyword in C++ is used to break out of a loop prematurely. 

27.The____ class template in C++ is used to store a pair of elements. 

28.The___ keyword in C++ is used to define an alias for a data type. 

29.The___ operator in C++ is used to create function objects (functors). 

30.The__ function in C++ is used to swap the values of two variables. 

31. In C++, the keyword is used to create an anonymous (unnamed) namespace. 

32.The___ class in C++ represents a dynamic array that can grow or shrink. 

33. C++ supports the creation of multidimensional arrays using nested _____ 

34.The___ operator in C++ is used to concatenate strings. 

35.The__ function in C++ is used to find the position of a substring within a string. 

36.The___ operator in C++ is used for logical AND. 

37. In C++, the operator is used to access elements of an array or vector. 

38.The___ keyword in C++ is used to declare a variable with static duration. 

39.C++ provides the ___ manipulator for inserting a specific number of spaces into the 
output stream. 

40.The__ keyword in C++ is used to introduce a block of code. 

41.The____class in C++ is a doubly linked list. 

42.The__ function in C++ is used to remove elements from a container. 


43.The class template in C++ is an associative container that stores key-value pairs. 


44. The keyword in C++ is used to allocate memory for an array. 


45. C++ allows the creation of ___ functions, which are functions defined inside other 
functions. 

46.The___ keyword in C++ is used to define a member function that can be called ona 
constant object. 

47.The____ function in C++ is used to convert a string to an integer. 

48.The____ keyword in C++ is used to represent true or false values. 

49.The____ operator in C++ is used to access the value pointed to by a pointer. 


50. The statement in C++ is used for unconditional jumps in the code. 


Programming questions 


Write a C++ program to display "Hello, World!". 

Write a C++ program to display "Hello, C++". 

Create a program that takes two numbers as input and outputs their sum. 

Implement a C++ program to find the factorial of a given number. 

Write a program to check whether a number is prime or not. 

Create a C++ program to swap the values of two variables without using a third variable. 

Implement a program to find the largest element in an array. 

Write a C++ program to print the Fibonacci series up to a given term. 

9. Create a program to check if a given string is a palindrome. 

10. Implement a C++ program to convert temperature from Celsius to Fahrenheit. 

11. Write a program to find the roots of a quadratic equation. 

12. Arrays and Strings 

13. Implement a function to reverse an array in-place. 

14. Write a program to find the second largest element in an array. 

15. Create a C++ program to count the number of vowels and consonants in a given string. 

16. Implement a function to check if two strings are anagrams. 

17. Write a program to remove duplicates from an array. 

18. Create a C++ program to find the length of a string without using the standard library 
function. 

19. Implement a function to rotate an array to the right by a given number of steps. 

20. Write a program to concatenate two strings without using the + operator. 

21. Create a C++ program to count the occurrences of a specific character in a string. 

22. Implement a function to check if a string is a rotation of another string. 

23. Control Flow 

24. Write a program to find the sum of natural numbers up to N using a while loop. 

25. Create a C++ program to check if a year is a leap year. 

26. Implement a program to find the greatest common divisor (GCD) of two numbers using 
Euclidean Algorithm. 

27. Write a C++ program to print the Pascal's triangle. 

28. Create a program to find the factorial of a number using recursion. 

29. Implement a C++ program to check if a number is Armstrong or not. 

30. Write a program to print the pattern of a right-angled triangle using nested loops. 

31. Create a C++ program to calculate the sum of digits of a number. 

32. Implement a function to calculate the power of a number using recursion. 

33. Write a program to generate the first N prime numbers. 

34. Functions and Recursion 

35. Create a C++ program to calculate the area of a circle using a function. 

36. Implement a function to check if a number is even or odd. 

37. Write a program to calculate the average of an array of numbers using a function. 

38. Create a C++ program to find the LCM of two numbers using a function. 

39. Implement a recursive function to calculate the nth Fibonacci number. 

40. Write a program to find the reverse of a number using recursion. 

41. Create a C++ program to find the factorial of a number using a recursive function. 

42. Implement a function to check if a given number is a perfect number. 

43. Write a program to generate all possible combinations of a given set of elements. 

44. Create a C++ program to find the HCF of two numbers using a recursive function. 

45. Pointers and Dynamic Memory Allocation 


CON ADMPWNP 


46. Write a program to swap two numbers using pointers. 

47.Create a C++ program to find the sum of elements in an array using pointers. 

48. Implement a function to concatenate two strings using dynamic memory allocation. 

49. Write a program to reverse a string using pointers. 

50. Create a C++ program to find the length of a string using pointers. 

51. Implement a program to copy the contents of one array to another using pointers. 

52. Write a program to calculate the power of a number using pointers. 

53. Create a C++ program to dynamically allocate memory for a 2D array. 

54. Implement a function to delete an element from an array using pointers. 

55. Write a program to find the largest element in an array using dynamic memory 
allocation. 


